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Food  Irradiation  Update 
and 

Cost  Analysis 


EXEOfnVE  SUMMARY 


Current  problenis  associated  with  military  feeding  include  the  adverse 
effects  on  food  quality  unavoidably  induced  by  preservation  methods  vAiich  must 
be  used  to  kill  spoilage  and  pathogenic  microorganisms  to  achieve  Icrg  shelf 
life  under  extreme  conditions.  Such  is  necessary  to  ccnpensate  for  the 
inability  to  serve  fresh  food  in  many  situations  because  chilled  storage  is  not 
practical,  or  because  transportation  time  to  remote  locations  extends  beyond 
the  shelf  life  of  many  fresh  foods.  With  regard  to  the  food  processing  and 
food  service  industries  (of  viiich  military  food  service  is  a  part) ,  research 
points  out  that  processing,  preservation  and  storage  methods  currently  used  are 
at  times  less  hygienic  than  required  to  prevent  the  incidence  of  foodbome 
illness. 

Given  that  much  of  the  military  food  supply  must  be  shelf  stable,  the  food 
preservation  options  available  today  are  thermostabilization,  dehydration,  and 
freeze  drying.  The  cumulative  effect  of  initial  cooking  in  combination  with 
any  of  these  preservation  methods  results  in  some  degradation  in  end  product 
flavor,  texture,  and  appearance. 

Irradiation  treatment  at  higher  doses  (20-71  kGy) ,  destroys  the 
microorganisms  that  are  present  in  a  particular  food.  The  food  can  be  stored 
in  sealed  containers  at  room  temperature  for  years  and  not  be  spoiled  by 
micr  organisms.  Radiation  sterilized  meat  and  poultry  products  have  been  rated 
superior  to  canned  counterparts  in  terms  of  texture,  appearance,  and  equal  or 
better  in  flavor  and  vitamin  retention. 

Irradiation  treatment  at  lower  doses  (0.1-10  kGy)  decreases  the  nxmiber  of 
spoilage  microorganisms  in  food  without  sterilizing  it.  This  process  delays 
spoilage  of  hi^ily  perishable  foods,  such  as  fresh  fish  and  shellfish.  Lew 
dose  irradiation  delays  ripening  or  mold  growth,  and  therefore  extends  the 
shelf  life  of  sane  fruits  and  vegetables.  Apples,  cherries,  peaches, 
raspberries,  and  tomatoes  have  a  very  hi^  tolerance  to  ionizing  irradiation  at 
doses  of  1  kGy.  Stravtoerries  can  be  irradiated  at  doses  vp  to  3  kGy. 

Icwer  doses  of  radiation  also  destroy  microorganisms  such  as  sedmcxiella, 
viiich  can  cause  foodbome  illness.  Salmonella  is  often  present  in  poultry  vhen 
it  reaches  vholesale  and  retail  distribution  outlets.  Cooking  to  an  intemed 
tenperature  of  160*F  kills  salmonella.  Hewever,  40,000  cases  of  salmonellosis 
are  r^x>rted  each  year,  and  epidemiologists  estimate  that  the  actual  number  of 
cases  is  closer  to  2  million,  due  to  inpreper  handling  and  inadequate 
preparation.  The  medical  costs  and  productivity  losses  from  this  disease  are 
estimated  at  $1  billion  annually.  Prchlems  are  usually  related  to 
undercooking,  storage  teaiperature  abuse,  or  where  cooked  product  was  handled 
with  utensils  vhich  came  in  contact  with  infected  raw  foods.  Better  food 
handling  practices  could  help  solve  these  problems.  Hewever,  low-dose 
radiation  may  be  a  more  practical  and  effective  solution. 
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Many  states  and  countries  prohibit  the  ijrportation  of  foods  suspected  of 
contandnation  with  live  insects.  During  the  1981  Mediterranean  fruit  fly 
(Medfly)  infestation  in  Florida  and  California,  the  reluctance  of  many  buyers 
in  other  states  and  countries  to  accept  produce  that  nii<^t  be  contaminated  with 
live  Medflies  led  to  substantial  econcndc  losses  on  the  part  of  growers  and 
suppliers.  Low-dose  irradiation  can  also  be  used  to  kill  insects 
(disinfestation)  in  fruits,  grains  and  other  stored  foods.  It  is  a  substitute 
for  the  now  banned  fumigant  ethylene  dibrcmide  (EE©) . 

A  very  low  dose  of  radiation  (0.05-0.15  ]<Gy)  can  inhibit  sprouting  of 
vegetables  such  as  potatoes,  anions  and  garlic,  and  eliminate  the  trichinosis 
haz2und  in  pork.  Ihe  United  States  still  has  a  prr^lem  with  trichinosis 
transmitted  by  ocmmercied  pork.  The  disease  is  rare  (about  100  cases 
emnually) ,  but  can  be  serious.-  Irradiated  pork  camnot  cause  trichinosis  even 
if  it  is  eaten  undercooked  or  raw.  Irradiation  would  make  U.S.  pork  more 
acceptable  in  international  oonmerce  if  the  product  could  be  guaranteed  free 
from  the  trichina  peuasite.  Many  countries  will  not  accept  pork  from  the  U.S. 
because  this  guarantee  cannot  currently  be  itade. 

Ihe  purpose  of  this  report  is  to  provide  Army  leadership  with  information 
that  will  be  useful  in  structuring  near  term  decisions  with  respect  to  military 
support  of  food  irradiation  a^ilications  in  the  DoD  Food  Program.  Ihe  specific 
objective  of  this  effort  is  to  identify  the  costs  and  benefits  (tangible  and 
intangible)  that  mic^t  be  realized  if  irradiated  foods  were  used  in  military 
feeding. 

Ihis  study  is  structured  to  illustrate  the  benefits  of  three  means  for 
exploiting  preservation  by  irradiation.  Six  food  products  were  selected  to 
represent  these  alternatives.  Four  are  variations  of  products  currently  found 
in  military  feeding  menus,  and  two  represent  added  capabilities  vAiich  military 
food  service  does  not  new  possess  without  irradiation  processing. 

Alternative  1  -  Involves  lew-dose  irradiation  for  longer  shelf  life  in 
products  that  are  normally  preserved  only  by  refrigeration.  Ihe  products  will 
still  be  held  in  refrigeration  after  irradiation.  Stravberries  were  selected 
to  represent  this  alternative,  since  this  is  a  product  with  high  customer 
appeal,  but  infrequently  served  in  the  fresh  state  because  of  its  very  short 
shelf  life. 

Alternative  2  -  Addresses  products  vhich  are  made  shelf  stable  by  high-dose 
irradiation,  as  c^jposed  to  other  methods  such  as  thermostabilization.  Ambient 
storage  will  be  used  after  the  products  cire  irradiated.  Ihis  alternative 
covers  both  groi^j  feeding  and  individual  rations.  Ihe  following  items  were 
examined. 


Current  Item 

Tray  Can,  Boned,  Chicken  Breast 
w/Gravy  (Ihermostabilized) 
Tray  Can  Ham  Slices  w/Brine 
(Ihermostabilized) 

No  Current  Counterpart 
No  Current  Counterpart 


Irradiated  Replacement 

Flexible  Pouch,  Boned  Grilled 
Chicken  Breast 

Flexible  Pouch  Baked  Ham  Slices 

Flexible  Pouch  Beef  Steak 

Meal  Ready-to-Eat  Roast  Beef  Slices 
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Alternative  3  -  Ccrpares  a  frozen  product  to  versions  that  eure  chilled 
<ind  irradiated  (low  dose),  frozen  but  also  irradiated  (low  dose)  to  extend 
shelf  life  after  the  item  is  teirpered,  and  a  version  that  is  irradiated  (high 
dose)  for  shelf  stability.  This  alternative  was  illustrated  with  ground  beef 
patties,  since  this  item  is  served  so  frequently  in  military  and  ocrmercial 
cperations. 

Variables 

For  the  purposes  of  this  analysis,  the  cost  to  process,  transport  and 
store  a  particular  food  item  is  dependent  upon  one  or  more  of  the  following  key 
variables: 

Processed  Gross  Wei<^t/Serving 
Processed  Gross  Volume/Serving 
Residual  Shelf  Life  When  Product  Reaches  User 
Inventory  Turnover 
Spoilage  Rate 
Irradiation  Source 
Irradiation  Dose 
Irradiation  Plant  Throughput 
Irradiation  Plant  Utilization 
Cost  Factors 

In  this  analysis,  the  costs  associated  with  very  distinct 
iteros/processes  are  being  examined.  Different  cost  factors  ccme  into  play, 
depending  on  the  item  under  consideration  and  the  processing/distribution  steps 
involved.  The  following  are  the  cost  factors  considered  pertinent  to  this 
study. 

Bl2ist  Freezing  Cost 
Retorting  Cost 

Irradiation  Preservation  Cost 
Package  Material  Cost 
Annual  Ambient  Storage  Cost 
Annual  Refrigerated  Storage  Cost 
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Annual  Freezer  Storage  Cost 

Primary  Ambient  Transportation  Cost 

Primary  Tenperature  CCTitrolled  Transportation  Cost 

Supplemental  Teiperature  Controlled  Transportation  Cost 

Net  Product  Cost  (actual  cost  after  spoilage  is  considered) 

In  all  the  cost  illustrations  of  this  r^xirt,  the  cost  of  mater ieds  or 
processes  is  provided  on  an  incremental  basis.  Hie  anadysis  considers  only  the 
differences  in  cost  between  concepts,  i.e.,  current  methods  vs.  irradiation, 
and  ignores  costs  that  remain  unaffected  by  a  switch  to  irradiaticai. 

In  Alternative  1,  lew-dose  irradiation  to  extend  the  shelf  life  of  fresh 
strav±)erTies  was  examined.  It  appears  from  the  analysis  of  this  edtemative 
that  irradiation  can  be  of  benefit  in  extending  the  shelf  life  of  highly 
perishable  chilled  items.  The  potential  reduced  losses  due  to  ^x>ilage  of  the 
irradiated  product  can  have  a  laurge  effect  on  net  cost.  The  example  provided 
on  strawberries  shows  that  when  loss  due  to  spoilage  is  taken  into 
consideration,  irradiation  can  generate  cost  savings  of  14%  and  higher  corpared 
to  the  actual  cost  of  the  conventional  chilled  product. 

A  cerparison  of  sterilization  by  retort  (tray  can)  and  by  irradiation 
(flexible  institutional  pouch)  was  made  in  Alternative  2.  The  costs  associated 
with  irradiation  (irradiation,  blast  freezing)  can  be  offset  by  reduced 
transportation  eind  packaging  costs.  The  cost  of  transportation  frem  vendor  to 
d^xat  is  reduced  because  the  pouch  packaged  irradiated  product  wei^is 
substantially  less  than  the  thermostabilized  tray  can  counterpart.  Most 
thermostabilized  products  for  group  feeding  must  have  added  liquid  in  the  form 
of  a  gravy  or  sauce  to  promote  heat  transfer.  This  is  not  necessary  with 
radiation,  since  the  process  wor)cs  best  at  cold  temperatures.  The  resulting 
savings  in  weight  allows  double  the  quantity  of  the  irradiated  product  to  be 
delivered  per  shipping  container.  Overall,  irradiation  can  reduce  the  cost  of 
tray  can  items  by  about  2.5%,  depending  on  the  product  being  considered. 

For  individual  rations  (i.e.  the  MRE  or  Meal  Ready-to-Eat) ,  the  costs 
associated  with  irradiation  are  additional,  since  weight  savings  are  not 
generally  possible,  and  there  is  no  change  in  paackaging  from  the  current  ration 
to  produce  cost  reductions.  The  items  aralyzed,  irradiation  protected  MRE 
Sliced  Roast  Beef  and  MRE  Beef  Steak,  would  cost  about  $0,035  and  $0.06  more 
pier  serving,  respiectively,  than  similar  thermostabilized  products. 

For  both  grotp  and  individual  rations,  irradiation  will  allow  the 
military  to  offer  shelf  stable  items  it  cannot  now  provide,  such  as  grilled 
whole  chicken  breast,  baked  ham,  medium-rare  roast  beef,  and  grilled  shriip, 
all  without  added  sauce  or  gravy.  This  can  help  dispiel  the  notion  of 
"casserole  syndrome"  that  is  a  problem  with  regard  to  hew  customers  currently 
pieroeive  field  rations. 

In  Alternative  3,  three  cptions  for  processing  ground  beef  patties  were 
corpared  to  conventional  preservation  by  freezing:  a  chilled  product  with  lew 
dose  irradiation  for  extended  shelf  life;  a  combination  of  freezing 
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and  irradiation  (low  dose)  to  extend  shelf  life;  and  irradiation  (hi^  dose) 
sterilization  to  achieve  shelf  stability.  The  chilled  lew-dose  hamburrger 
costs  about  $0.01  (3.6%)  less  than  the  current  nonirradiated  frozen  product - 
Ihe  shelf  life  of  21-28  days  can  be  taken  advantage  of  in  donestic  shipments. 
However,  the  product  does  not  provide  a  ccsrifortable  margin  for  shipment 
overseas,  v^ch  usually  requires  20-30  days. 

The  frozen  irradiated  (lew  dose)  product  can  provide  a  clear  tactical 
advantage  in  overseas  field  situations,  but  will  cost  slightly  more  (one  half 
of  one  percent)  than  the  conventioncil  frozen  item.  This  concept  is  designed  to 
take  advantage  of  the  fact  that  if  any  tenperature-controlled  storage  is 
available  in  the  field,  it  is  usually  chilled  and  not  frozen.  This  irradiated 
product  is  ki^jt  frozen  during  overseas  shipments,  and  is  allowed  to  teirper  in 
field  reefers.  This  would  provide  24-31  days  shelf  life  after  being 
off-loaded  at  the  port,  as  carpared  to  7-10  days  shelf  life  of  a  nonirradiated 
frozen  product  that  is  allowed  to  tenper  in  field  reefers.  It  nonrally  takes 
3-7  days  in  theater  for  shipment  from  port  to  customer.  This  leaves  a  min  inaim 
of  17  days  shelf  life  remaining  to  provide  logistical  flexibility  in  field 
feeding  situations,  provided  field  refrigeration  is  available. 

The  shelf  stable  hamburger  provides  a  clear-cut  tactical  advantage  in 
field  feeding  situations.  From  a  logistic  point  of  view,  field  reefers  do  not 
have  to  be  purchcised,  transported,  leased,  or  maintained.  The  shelf  stcible 
item  will  cost  more,  since  savings  in  transportation  and  storage  costs  do  not 
offset  cost  increases  for  packaging  to  maintain  shelf  stability  and  the 
irradiation  process.  The  cost  increase  per  serving  for  hamburgers  shipped  to 
the  Middle  East  is  $0.02,  $0.03  for  Europe,  and  $0.04  for  shipments  in  the 
United  States.  This  item  would  be  precooked,  cind  would  only  have  to  be 
reheated  for  customer  service.  Savings  associated  with  reduced  energy  and 
labor  costs  at  final  preparation  have  not  been  factored  into  this  analysis, 
is  possible  that  such  savings  will  offset  the  increased  cost  attributed  to 
attaining  shelf  stability. 


It 
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I.  Introduction 

In  the  book  Ihe  Phvsiolocrv  of  Taste  (1825) ,  one  of  the  picx>eers  of 
gastronomy,  Anthelme  Brillat-Savarin,  wrote  that  cookery  techniques  "derive 
nonetheless  from  the  highest  scientific  principles."^  Irma  Rombauer's  Ihe 
Jov  of  Oookina  has  been  e}q>anded  to  Include  more  than  100  pages  (»i  the 
interaction  of  ingredients  and  preparation  methods.  Even  Julia  Child  has 
acknowledged  the  scientific  and  chemical  significance  of  certain  food 
preparation  procedures.  Suffice  it  to  say  that  science  has  for  years  helped  to 
epqsand  the  benefits  we  derive  from  new  techniques  in  food  preparation.  Food 
preservation  by  irradiation  is  an  example  of  one  scientific  technique  that  has 
the  potential  to  significantly  improve  not  only  the  wholescroeness  of  food 
products,  but  to  increaise  the  variety  of  foods  that  can  be  provided  to  the 
individual  soldier  in  a  field  environment. 

A  request  has  been  made  by  the  Deputy  Commanding  General  for  Research, 
Development  and  Acquisition,  Army  Materiel  Ccmmand,  for  a  review  of  the  utility 
that  radiation  preserved  foods  might  offer  the  military  food  service  system. 

To  date,  this  technology  has  seen  limited  use  in  the  United  States.  However, 
many  foreign  countries,  including  the  Netherlands  and  Japan,  have  successfully 
produced  and  marketed  irradiated  food  products.  The  recent  decision  made  by 
the  U.S.  Food  and  Drug  Administration  (FCA)  to  allow  irradiation  of  poultry  is 
encouraging  to  proponents  of  food  irradiation  technology. 

There  are  signs  in  the  public  sector  that  progress  is  being  made. 
Vindicator  of  Florida,  Inc.  recently  announced  completion  of  site  selection, 
building  permit  and  construction  contracting  activities  to  ^ild  an  irradiator 
for  agricpultural  (citrus)  products  and  packaging  materials.^  A  leading  trade 
publication  recently  point^  out  that  as  long  as  the  price  of  irradiated 
poultry  is  in  line  with  current  product,  then  the  safety  it  provides  with 
regard  to  control  of  salmonella  is  of  interest  to  the  food  service  industry.^ 

The  purpose  of  this  report  is  to  provide  Army  leadership  with 
information  that  will  be  useful  in  structuring  near  term  decisions  with  respect 
to  military  si^port  of  food  irradiation  applications  in  the  DoD  Food  Program. 
The  specific  cAijective  of  this  effort  is  to  identify  the  costs  and  benefits 
(tangible  and  intangible)  that  mi^t  be  realized  if  irradiated  foods  were  used 
in  military  feeding. 

Information  About  Food  Irradiation 

-Irradiation  is  the  use  of  ionizing  radiation  to  preserve  food.  By 
tenporarily  dislodging  electrons,  ionizing  radiation  converts  atoms  and 
molecules  to  ions.  These  ions  quickly  restabilize  into  molecules  with  ccnplete 
sets  of  paired  electrons.  The  food  does  not  become  radioactive. 

-Scientific  data  indicate  that  irradiated  food  as  approved  by  the  FCA  is  safe 
and  nutritious. 
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-Ihe  U.S.  Department  of  Agriculture  estimates  that  the  American  consumer  will 
receive  approximately  $2  in  benefits  (reduced  spoilage,  less  foodbome  illness) 
for  each  $1  spent  on  irradiation. 

-In  September  1986,  two  tons  of  irradiated  mangoes  were  sold  in  a  Miami, 

Florida  supermarket  with  FDA-afproved  labeling,  l^e  irradiated  mangoes  sold 
rapidly  at  the  same  or  hi(^er  price  than  non- irradiated  mangoes.^ 

-In  1984  the  American  Medical  Association  reported  to  Congress  that  food 
irradiation  is  safe,  may  be  an  inportant  substitute  for  pesticides,  and  can 
control  bacterial  contamination  in  foods. 

What  Can  Irradiation  Preservation  Do? 

Irradiation  is  currently  used  to  sterilize  (ccaspletely  destroy  all 
bacteria  and  microorganisms)  more  than  50%  of  sterile  disposable  medical 
sipplies  xased  in  the  United  States.  This  technique  can  be  applied  to  foods. 
Irradiation  treatment  at  hi(^er  doses  L20-11  kGy) ,  destroys  the  microorganisms 
that  cure  present  in  a  particular  food.®  The  food  can  be  stored  in  sealed 
containers  at  room  temperature  for  years  and  not  be  spoiled  by  microorganisms. 
Radiation  sterilized  meat  and  poultry  products  have  been  rated  superior  to 
canned  counterparts  in  terms  of  texture,  ajpearance,  and  equal  or  better  flavor 
and  vitamin  retention.^ 

Irradiation  treatment  at  lower  doses  (0.1-10  kGy)  d'Knreases  the  number 
of  spoilage  microorgcinisms  in  food  without  sterilizing  it.  This  process  delays 
spoilage  of  highly  perishable  foods,  such  as  fresh  fish  and  shellfish. 

Irw-dose  irradiation  delays  ripening  or  delays  mold  growth,  and  therefore 
extends  the  shelf  life  of  some  fruits  and  vegetables.  Apples,  cherries, 
peaches,  raspberries,  and  tomatoes  have  a  very  high  tolerance  to  ionizing 
irradiation  at  doses  of  1  kGy.®  Stravtoerries  can  be  irradiated  at  doses  ip 
to  3  kGy.^ 

Lower  doses  of  radiation  also  destroy  microorganisms  such  as  salmonella, 
which  can  cause  foodbome  illness.  Salmonella  is  often  present  in  poultry  when 
it  reaches  v^olesale  and  retail  distribution  outlets.  Cooking  to  an  interned 
tenperature  of  ISO'F  kills  salmonella.  However,  40,000  cases  of  salmonellosis 
are  reported  each  year,  and  epidemiologists  estimate  that  the  actual  number  of 
cases  is  closer  to  2  million,  due  to  inproper  handling  and  inadequate 
preparation.  The  medical  costs  and  productivity  losses  from  this  diseeise  are 
estimated  at  $1  billion  annually.^®  Problems  are  usually  related  to 
undercooking,  storage  tenperature  abuse,  or  where  cooked  product  was  handled 
with  utensils  vhich  came  in  contact  with  infected  raw  foods.  Better  food 
handling  practices  could  help  solve  these  problems.  However,  low-dose 
radiation  may  be  a  more  practical  and  effective  solution. 

Many  states  and  countries  prebibit  the  inportation  of  foods  suspected  of 
contamination  with  live  insects.  During  the  1981  Mediterranean  fruit  fly 
(Medfly)  infestation  in  Florida  and  California,  the  reluctance  of  many  buyers 
in  other  states  and  countries  to  accept  produce  that  mi^t  be  contaminated  with 
live  Medflies  led  to  substantial  economic  losses  on  the  part  of  grewers  and 
suppliers.  Lew  dose  irradiation  can  also  be  used  to  kill  insects 
(disinfestation)  in  fruits,  grains  and  other  stored  foods.  It  is  a  substitute 
for  the  new  banned  fumigant  ethylene  dibromide  (EDB) . 
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A  very  lew  dose  of  radiation  (0.05-0.15  kGy)  can  inhibit  sprouting  of 
vegetables  such  as  potatoes,  onions  and  garlic,  and  eliminate  the  triciiinosis 
hazard  in  pork.  The  United  States  still  has  a  prcblem  with  trichinosis 
transmitted  by  ocminercial  Pork.  The  disease  is  rare  (about  100  cases 
annually),  but  can  be  serious. Irradiated  pork  cannot  cause  trichinosis 
even  if  it  is  eaten  undercooked  or  raw.  Irradiation  would  make  U.S.  pork  more 
acceptable  in  international  commerce  if  the  product  could  be  guaranteed  free 
from  the  trichina  parasite.  Many  countries  will  not  accept  pork  from  the  U.S. 
because  this  guarantee  cannot  currently  be  made. 


Lew-dose  irradiation  treatments  do  not  cause  significant  decreases  in 
the  nutritional  quedity  of  foods.  In  seme  cases,  high-dose  treatments  cause 
measurable  losses  in  some  vitamins,  such  as  thiamine  in  pork.  These  losses  cune 
similar  to  those  ty  other  often  used  processing  techniques  that  produce  a 
similar  degree  of  preservation,  such  as  canning,  and  therefore  are  not 
considered  detrimental  to  a  healthy  diet. 


How  ^n_One 


ofTreatment  Do  So  Many  Th 


Higher  doses  of  radiation  destroy  the  cells  of  living  micrtxsrganisms, 
thus  eliminating  the  pathogens,  microorganisms  or  insects  that  invade  our  food 
si;pply.  Lewer  doses  alter  the  biochemical  reactions,  such  as  those  involved  in 
fruit  ripening,  and  interfere  with  cell  division,  vhic±i  is  necessary  for  the 
reproduction  of  parasites  and  the  sprouting  of  vegetables.  Various 
aKJlications  of  food  irradiation  are  included  in  Table  1. 

Currently,  36  countries  around  the  world  permit  irradiation  preservation 
of  food.^^  Dose  levels  range  from  0.02-0.15  kGy  for  onions  in  Argentina,  7 
kGy  for  poultry  in  Canada,  Chile,  and  Israel,  10  kGy  for  muesil-like  cereal  in 
France,  20  kGy  for  onions  in  Germany  (previously  East  Germany) ,  to  30  kGy 
for  spices  in  the  United  States.  In  Japan,  10,000  tons  of  potatoes  are 
irradiated  each  year  to  prevent  sprouting  (chemical  treatments  to  inhibit 
potato  sprouting  are  illegal  in  Japan) .  Plants  in  the  Netherlands  and  Belgium 
irradiate  about  18,000  and  8,000  tons  per  day,  respectively,  of  a  Icirge  variety 
of  foods.  TWO  commercial  plants  in  South  Africa  process  irradiated  mangoes, 
papayas,  and  vegetables. 

Clearances  have  been  e^qianded  recently  in  the  United  States  and  the 
united  Kingdom.  On  May  2,  1990,  FDA  approved  an  amendment  to  the  food  additive 
regulations  for  irradiation  of  poultry  to  control  food-borne  pathogens.  The 
approval  was  based  in  part  on  results  of  studies  performed  by  Raltech 
Scientific  Services.  The  Raltech  studies  were  carried  out  with  chiedeen  that 
had  been  thermally  processed  to  inactivate  enzymes,  cooled  to  -40 “C,  and 
irradiated  in  the  frozen  state  in  the  absence  of  air  at  doses  ranging  from 
45-59  kGy.  The  FDA  found  no  evidence  in  any  of  these  studies  of  adverse 
effects  that  could  be  attributed  to  the  irradiation  process. 
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Table  1.  Applications  of  Food  Irradiation 


Tvoe  of  Food  Radiation  Dose 

In  kGv 

Treatment  Effect 

Meat,  pcultry,  fish,  shellfish 

20-71 

Sterilization-rocm 
temperature  storage 
without  spoilage. 

Spices  and  other  seasonings 

30 

Destroys  insects  and 
microorganisms. 

Meat,  poultry,  fish 

0.1-10 

Delays  spoilage  by 
reducing  the  number 
of  microorganisms 
in  the  fre^  product. 
Reduces  pathogens, 
renders  parasites 
harmless. 

Stravtoerries,  other  fruits 

1-5 

Extends  shelf  life 
by  delaying  mold 
growth. 

Grain,  fruits 

0. 1-2 

Kills  insects  or 
prevents  them  frcm 
reproducing. 

Bananas,  avocados,  roangoes, 
papayas,  guavas,  and  certain 
other  non-citrus  fruits 

1 

Delays  ripening. 

Potatoes,  onions,  garlic,  ginger 

0.05-0.15 

Inhibits  grouting. 
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The  fcxDd  prcxlucts  approved  for  irradiation  in  the  United  States  are  shown 
in  Table  2. 


On  August  5,  1990,  the  United  Kingdom  approved  prc^xasals  v*iich  will  permit 
fruit,  vegetables,  oereeds,  bulbs  and  tubers,  spices  and  condiments,  fish  and 
shellfi^,  and  fresh  ard  frozen  meat  to  be  processed  at  a  maximum  dose  of 


Table  2.  U.S  Approved  Food  Products  for  Irradiation 


Food 

Maximum  dosage 
tjermitted 

Purpose  of 
irradiation 

Pork 

IkGy 

Control  Trichinella 
Spiralis 

Fresh  and  frozen  poultry 
products 

3kGy 

Control  Salironella 
and  other  bacteria 

Fresh  fruits  and  vegetables 

IkGy 

Inhibit  growth  and 
maturation 

Wheat,  rice,  barley,  fruit,  DcGy  Disinfestation  of 

vegetables,  nuts,  and  other  anthrcpoid  pests 

foods  vhere  infestation  occurs  (insects,  spiders, 

mites) 


[)ry  and  dehydrated  enzyme 

lOkGy 

Micrcbial 

preparations 

disinfestation 

Dry  and  dehydrated  aromatic 
vegetable  substances-herbs. 

30kGy 

Microbial 

disinfestation 

seeds,  spices,  vegetable 
seasonings,  blends  of  these 
substances,  and  turmeric  and 
paprika  vS^en  used  as  color 
additives 
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II.  Problem  Definition 

CXirrent  problems  associated  with  military  feeding  include  the  adverse 
effects  on  food  quality  unavoidably  induced  by  preservation  methods  which  roust 
be  used  to  achieve  long  shelf  life  under  extreme  conditions.  Such  is  necessary 
to  ocnpensate  for  the  inability  to  serve  fresh  food  in  many  situations  because 
chilled  storage  is  not  practical,  or  because  transportation  time  to  remote 
locations  extends  beyond  the  shelf  life  of  many  fresh  foods.  With  regard  to 
the  food  processing  and  food  service  industries  (of  v^ch  military  food  service 
is  a  part) ,  research  points  out  that  processing,  preservation  and  storage 
methods  currently  used  are  at  times  less  hygienic  than  required  to  prevent  the 
incidence  of  foodbome  illness. 

Much  of  the  military  food  supply  must  be  shelf  stable.  Given  this,  the 
food  preservation  cations  available  today  are  thermostabilization,  dehydration, 
and  freeze  drying.  Ihe  cumulative  effect  of  initial  cooking  in  canbination 
with  any  of  these  preservation  methods  results  in  some  degradation  in 
end-product  flavor,  texture,  and  appearance. 

To  achieve  commercial  sterility,  food  must  receive  sufficient  heat  to 
inactivate  both  enzymes  and  microorganisms.  To  accomplish  sterilization,  the 
majority  of  foods  must  be  packaged  in  a  liquid  medium  (brine,  sauce,  gravy)  to 
allow  premier  heat  transfer.  Furthermore,  the  food  product  (i.e.  non-liquid 
contents)  in  a  conventional  cylindrical  container  must  be  small  or  thin  enough 
in  size  to  cilso  allcw  proper  heat  transfer  for  sterilization.  This  sinply 
mecins  that  thermostabilized  food  items  in  a  cylindrical  can  must  be  configured 
as  chunks,  dices,  or  thin  slices  in  a  liquid  medium.  From  the  customers'  point 
of  view,  this  can  lead  to  a  "casserole  syndrome",  and  the  iitpression  that 
different  food  products  taste  alike,  in  part  because  of  similar  texture  and 
flavor  qualities  caused  by  the  high  heat  processing  techniques. 

Hie  tray  can,  due  to  its  rectangular  configuration,  offers  significant 
advantages  over  the  typical  round  can.  Because  of  its  shape,  a  greater  variety 
of  pc^xHeir  foods  like  Icisagna  or  vrtiole  chicken  breasts  can  be  accommodated  by 
this  container.  Furthermore,  also  because  of  its  shape,  heat  is  transmitted 
more  quickly  to  the  geometric  center  of  the  can,  as  conpared  to  a  standard 
number  10  cylindrical  can  (the  conventional  counterpart.  Consequently, 
ccmmercial  sterilization  is  achieved  in  approximately  half  the  time.  The 
institutiona]  retort  pouch  (flexible  package)  offers  most  of  these  advantages, 
plus  the  fact  ’■.he  pouch  is  much  lighter  (1.3  ounces)  as  conpared  to  the  tray 
can  (13.6  ounces). 

For  individual  ratic'^s,  e.g.  the  Meal  Ready-to-Eat  (MRE) ,  the  single 
portion  of  food  is  often  thin  cr  in  small  enough  pieces  that  heat  transfer  is 
sufficient  to  allow  sterilization  without  added  liquid. 

Shelf  stability  is  not  always  required  for  food  products  used  in  military 
feeding.  But,  most  products  must  still  be  preserved  by  chilled  or  frozen 
storage,  specific  packaging  methods,  added  ingredients,  or  a  combination  of 
these.  Frozen  storage  provides  a  longer  shel  f  life  than  refrigeration,  but 
edso  adds  an  extra  logistic  burden,  is  more  expensive,  and  can  adversely  affect 
food  texture.  Some  frx-ds  cure  terved  infrequently 
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ctespite  their  high  custaner  appeal,  because  of  a  lack  of  enou<^  frozen  storage 
space,  or  because  freezing  affects  end-product  quality  to  the  extent  that 
custaner  appeal  is  sanev«hat  reduced.  Ihe  ability  to  serve  a  greater  quantity 
of  items  that  are  preserved  by  refrigeration,  as  opposed  to  frozen  storage,  has 
the  potential  to  result  in  higher  customer  acceptance  ratings. 

Chilled  storage  has  its  own  limitations.  It  is  more  ejqsensive  than  airbient 
storage,  and  extends  the  shelf  life  of  fresh  products  to  only  a  limited 
extent.  Moderate  doses  of  irradiation  can  extend  the  shelf  life  of 
refrigerated  products,  vAiich  reduces  losses  due  to  spoilage.  It  can  also 
greatly  reduce  the  pathogens  in  foods  that  cause  foodbome  illness,  vhich 
increases  food  safety.  Refrigeration  alone  only  halts  the  growth  of  these 
pathogens. 

III.  Cost  Analysis 

Scope 

Ii::w-dose  irradiation  provides  the  capability  to  offer  chilled  items  with 
extended  shelf  life  to  meet  logistic  requirements  and  reduce  losses  due  to 
spoilage.  Irradiation  also  allows  (although  not  at  current  permitted  dose 
levels)  shelf  stable  items  that  retain  most  of  the  texture,  color,  appearance, 
and  flavor  of  their  fresh  counterparts.  The  food  item  is  sterilized  for  shelf 
stability,  but  not  overcooked. 

Ihis  study  is  structured  to  illustrate  the  benefits  of  three  means  for 
exploiting  preservation  by  irradiation.  Six  food  products  were  selected  to 
represent  these  alternatives.  Four  are  variations  of  products  currently  found 
in  military  feeding  menus,  and  two  represent  added  cap^ilities  ViAuch  military 
food  service  does  not  new  possess  without  irradiation  processing. 

Alternative  1  -  Involves  low  dose  irradiation  for  longer  shelf  life  in 
products  that  are  normally  preserved  only  by  refrigeration.  Ihe  products  will 
still  be  held  in  refrigeration  after  irradiation.  Stravtoerries  were  selected 
to  represent  this  alternative,  since  this  is  a  product  with  high  custaner 
af^jeal,  but  infrequently  served  in  the  fresh  state  becaiase  of  its  very  short 
shelf  life. 

Alternative  2  -  Addresses  products  which  are  made  shelf  stable  by  hi^  dose 
irradiation,  as  o^^xjsed  to  other  methods  such  as  thermostabilization.  Ambient 
storage  will  be  used  after  the  products  are  irradiated.  This  alternative 
covers  both  group  feeding  and  individual  rations.  The  following  items  will  be 
examined. 


Current  Item 


Irradiated  Replacement 


Tray  Can,  Boned,  Chicken  Breast 
w/Gravy  (Thermostabilized) 

Tray  Can,  Ham  Slices  w/Brine 
(Thermostabilized) 


Flexible  Pouch, 
Chicken  Breast 

Flexible  Pouch, 
Flexible  Pouch, 


Boned  Grilled 

Baked  Ham  Slices 

Beef  Steak 


No  Current  Counterpart 
No  Current  Counterpart 
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MRE  Roast  Beef  Slices 


3  -  Corpares  a  frozen  product  to  versions  that  are  chilled 
and  irradiated  (low  dose) ,  frozen  but  also  irradiated  (Icxv  dose)  to  extend 
shelf  life  after  the  item  is  terpered,  and  a  version  that  is  irradiated  (hi^ 
dose)  for  shelf  stability.  This  alternative  will  be  illustrated  with  ground 
beef  patties,  since  this  item  is  served  so  frequently. 

Variables 

For  the  purposes  of  this  analysis,  the  cost  to  process,  transport  and 
store  a  particular  food  item  is  dependent  tpon  one  or  more  of  the  following  key 
variables: 

Processed  Gross  Vtei^t/Serving 

Processed  Gross  Volume/Serving 

Residual  Shelf  Life  Uhen  Product  Reaches  User 

Inventory  Turnover 

Spoilage  Rate 

Irradiation  Source 

Irradiation  Dose 

Irradiation  Plant  Ihroughput 

Irradiation  Plant  Utilization 

Consumable  portion  gross  wei(^t  and  volume  are  related  to  hew  a  product 
is  packaged.  For  exaitple,  the  current  tray  can  chicken  breast  with  gravy  has  a 
net  wei^t  of  6.5  pounds,  w^th  a  drained  weight  of  about  3  pounds.  The 
container  holds  9  servings,  each  about  5  ounces  of  chicken,  plus  gravy. 

However,  6.5  pounds  of  contents  must  be  processed  to  yield  these  9  portions. 
Thxjs,  the  processed  pozrtion  gross  wei<^t  is  11.55  oxances. 

Residual  shelf  life  and  spoilage  rate  affect  actual  product  cost.  The 
shelf  life  which  remains  after  the  product  gets  throu(^  the  supply  distribution 
system  is  hi^ily  dependent  on  the  spoilage  rate  of  the  product. 

Inventory  turnover  affects  the  cost  of  storage  per  item.  The  type  of 
irradiation  source,  dose  level,  plant  utilization  and  throu^put  (amount  of 
product  processed  in  a  specified  period  of  time)  affect  the  cost  of 
irradiation. 

Cost  Factors 

In  this  analysis,  the  costs  associated  with  very  distinct  items/ 
processes  are  being  examined.  Different  cost  factors  come  into  play,  depending 
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ai  the  itero  uncJer  OOTsideration  and  the  processing/distribution  steps 
involved.  The  following  are  the  cx»st  factors  considered  pertinent  to  this 
study. 

Blast  Freezing  Cost 
Retorting  Cost 

IrradiatiCTi  Preservation  Cost 

Package  MaterieQ  Cost 

Annued  Ambient  Storage  Cost 

Annual  Refrigerated  Storage  Cost 

Annual  Freezer  storage  Cost 

Primary  Ambient  Transportation  Cost 

Primary  Temperature  Controlled  Transportation  Cost 

Sipplemental  Temperature  Controlled  Transportation  Cost 

Net  Product  Cost  (actual  cost  after  spoilage  is  considered) 

The  data,  sources  and/or  calculations  used  to  determine  the  value  of  the 
above  cost  factors,  and  the  cost  of  processing  cpevations  presented  in  Table  3 
are  presented  in  Appendix  A.  Fixed  and  operating  annual  costs  for  irradiation 
are  presented  in  A{pendix  B. 

Table  3.  Food  Processing  Costs 

Retort  $0. 033/lb.  food  product 

Blast  Fireezing  $0. 055/lb.  food  product 


Food  processing  costs  fluctuate  depending  on  market  forces  (e.g.  labor, 
utility,  insurance  costs,  secisonal  fluctuations,  etc.).  However,  production 
throuc^^xit  (amount  of  product  processed  per  period  of  time)  and  plant 
utilization  (hours  of  operation  per  period  of  time)  can  effect  producticmi  cost, 
regardless  of  market  conditions.  Particularly  with  a  radioisotope  source, 
vbich  is  essentially  always  turned  "on",  utilization  can  be  especi£d.ly 
criticeil.  The  cost  of  radioactive  waste  disposal  for  Ccbalt  60  has  not  been 
addressed. 

Machine  irradiation  sources  (e.g.  electron  beam  or  X-rays)  can  be  turned 
off  at  the  end  of  the  production  period,  so  plant  utilizaticxi  and  throughput 
eure  not  eis  import^mt.  Also,  since  machine  irradiation  sources  do  not  have  a 
ocxitinually  active  source  of  radiation  present,  industry  ejperts  feel  the 
general  public  will  consider  this  approach  more  safe  than  a  radioisotope 
source.  In  addition,  there  is  no  radioactive  weiste  to  dispose  of  with  machine 


14 


irradiation.  However,  electron  beam  irradiation  will  penetrate  food  to  a  total 
dqpth  of  about  1  inch  in  more  dense  items  (e.g.  steaks,  chc^,  chicken  breasts, 
and  2  inches  in  li<^ter  items  (vegetables).  Thus,  only  foods  in  individual, 
thin  packages  or  a  shcLLlcw  stream  (grains,  pcwder,  liquid)  of  product  can  be 
processed  b^  electron  beam  sources.  On  the  other  hand.  X-rays  and  gamma  rays 
can  readily  penetrate  about  10  inches,  vhich  allows  this  source  to  be  used  for 
irradiating  an  entire  case  of  food.  Ihe  irradiation  costs  in  this  report  are 
based  on  the  use  of  electron  beam  processing  vhere  the  penetration  required  is 
less  than  1  inch,  and  Cobalt  60  processing  in  all  other  cases. 

In  edl  the  cost  illustrations  to  follow  in  this  report,  the  cost  of 
materials  or  processes  is  provided  on  an  incremental  basis.  The  analysis 
considers  only  the  differences  in  cost  between  concepts,  i.e.,  current  methods 
vs.  irradiation,  and  ignores  costs  that  remain  unaffected  by  a  switch  bo 
irradiation.  Cost  iitpacts  are  illustrated  by  means  of  (cost) ,  (cost 
difference) ,  or  ($)  notations  in  the  process  flow  oharts. 

Discussion  of  Alternatives 

Alternative  1:  Strawberries 

The  flow  chart  in  Figure  1  conpares  the  food  processing  steps  for  ohilled, 
non- irradiated  and  irradiated  strawberries. 

Strawberries  are  an  item  with  a  great  deal  of  customer  afpeal,  but  get 
served  infrequently  because  of  their  short  shelf  life  (mold  growth  cein  begin  in 
5-7  days) .  Strawberries  also  require  a  great  deal  of  care  in  shipping  because 
they  are  easily  damaged  and  bruised. 

As  can  be  seen  in  the  flow  chart,  the  cost  differences  to  be  analyzed  for 
strawberries  are  the  cost  of  transport  to  the  irradiation  facility  (assumed  to 
be  a  freestanding  facility,  because  it  is  unlikely  that  strawberry  producers 
will  have  their  own  irradiation  capability) ,  and  the  cost  of  the  actual 
radiation  application.  These  costs  eire  included  in  Table  4.  Ihe  serving  size 
is  3  ounces. 


Table  4.  Strawberries  Cost  Conparison 


Fresh  Fresh 

Chilled  Chilled 

Non-Irradiated  Irradiated 
($/serving)  ($/serving) 

Si^plemental  Tenperature 

Controlled  Transportation  -  $0,002 

Irradiation*  -  $0.005 

Totals  -  $0,007 


♦Annual  volume  is  25  million  pounds  of  boxed  product,  free  standing 
irradiator  operating  125  days  per  year,  three  shifts  per  day,  2.5  kGy  dose,  25% 
net  utilization  efficiency. 
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STRAWBERRIES 


INIXJSTRTAT.  PROTFSS  FLOW 

CURRENT  OCMMQN  PROCESSES  IRRADIATION 

PRODUCER 

-  (CXSt)  REFRIG. TRANSPCa?! 

-  (cost)  IRRADIATION 

REFRIG.  IRANSPORT 
WHOIZSAIZR  REFRIG.  STORAGE 
REFRIG.  TRANSPORT 
REFRIG.  STORAGE 


Figure  1.  Strawberry  Process  Flow. 


Ihe  cost  for  irradiation  of  strav^toerries  is  based  on  Cctolt  60  as  a 
source.  At  the  same  annual  volume,  the  cost  to  irradiate  using  an  electron 
accelerator  machine  source  (4.5-million  electron  volt  electron  beams  ccffiverted 
to  X-rays)  is  estimated  at  $0.0063  per  serving. 

Research  has  shown  that  Cobalt  60  is  less  expensive  than  electron  beams  at 
Icwer  dose  levels  for  annual  volumes  below  50  million  pounds.^'  The  amount 
of  Cc^lt  60  needed  is  directly  related  to  the  dose  required  and  the  amount  of 
product  that  must  be  treated  during  a  set  amount  of  time.  As  the  irradiator 
size  anchor  dose  increases,  Ccialt  60  becomes  a  larger  portion  of  total  annual 
costs.  Ihe  power  requirements  for  an  electron  accelerator  are  also  directly 
related  to  dose  and  hourly  throughput.  However,  electron  accelerators  have  an 
advantage  in  that  capital  requirements  increase  at  a  slower  rate  than  capacity. 

Stravtoerries  irradiated  at  a  free  standing  facility  (transportation  cost 
represents  transportation  from  packer  to  the  irradiation  site) ,  without 
considering  loss  due  to  spoilage,  would  cost  about  seven  tenths  of  one  cent 
more  per  serving  (3  ounces) ,  as  caipared  to  the  chilled  non-irradiated 
product.  Strawberries  are  frequently  attacked  by  the  fungi  Botrytis  cinerea 
Pars,  ex  FT.,  or  "gray  mold",  vhich  can  extensively  develcp  after  harvest.  One 
infected  fruit  can  affect  those  around  it,  a  phenomena  known  as  "nesting". 
Consequently,  one  infected  fruit  in  a  container  may  eventually  result  in 
complete  loss  of  a  batch  or  container  of  fruits.^®  Growth  of  the  fungus  is 
slewed,  not  stepped,  by  refrigeration.  laboratory  studies  have  shewn  that 
treatment  of  ripe  stravtoerries  with  low  dose  irradiation  can  significantly 
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reduce  the  growth  of  "gray  mold",  and  in  turn  increase  shelf-life,  without 
noticeable  softening.  Research  has  shewn  strav^serries  to  have  a  high  tolerance 
to  radiation,  as  cojipared  to  other  fruits. 

As  can  be  seen  in  Table  5  and  Figure  2,  mold  grewto  appears  two  days  later 
in  the  irradiated  product,  and  at  a  lower  percentage.  °  The  rate  of  mold 
growth  is  also  sli^tly  lower  for  the  irradiated  product.  This  effectively 
gives  the  buyer  a  little  more  shelf  life,  vhich  is  all  that  might  be  needed  in 
berms  of  receiving  the  amount  of  non-spoiled  product  that  is  required. 

However,  having  product  that  is  in  good  enough  condition  to  serve  is  not 
the  only  issue.  The  following  formula  has  been  used  to  show  the  effect  that 
spoilage  can  have  on  net  cost: 

N  =  B/(1-SP) 


Vfhere: 


N  =  Net  Actual  Cost 
B  =  Base  or  Quoted  Purchase  Price 
SP  =  Fraction  Spoiled 

The  Defense  Personnel  Supply  Center  purchased  3,092,947  pounds  of  fresh 
stravtoerries  in  fiscal  year  1990,  at  an  average  price  of  $1.15  per  pound. 

If  ei^t  days  had  elapsed  by  the  time  these  stravAjerries  actually  reached  a 
dining  hcdl,  it  is  possible,  based  on  the  spoilage  rate  data  of  Table  5,  that 
17%  were  mold  infested.  The  real  cost  for  the  stravADerries  that  could  be 
served  would  be  $1.39  per  pound.  The  irradiated  strawberries  would  cost  $1.19 
per  pound  (the  $1.15  purchase  price  plus  $0. 0270/lb.  for  irradiation  and 
$0.0106/Ib.  for  si^Dplemental  transportation),  for  a  savings  of  approximately 
14%  per  pound,  or  $604,801.  If  10  days  had  elapsed,  the  irradiated  product 
would  represent  a  cost  savings  of  about  33%,  or  $2,222,566. 

The  differences  in  cost  and  shelf  life  can  be  greater  over  longer  periods 
of  time  if  stravAjerries  packaged  in  0.03  mm  polyethylene  film  are  considered 
(Table  6  and  Figure  3) .  PaeJeaging  with  film  can  greatly  extend  strawberry 
shelf-life,  as  exposed  to  loose  pack,  because  there  is  less  cross  contamination 
or  "nesting"  between  berries.  The  net  effect  on  shelf  life  is  even  more 
dramatic  after  radiation  has  been  applied:  research  experiments  have  shown  the 
irradiated  product  packaged  in  polyethylene  film  can  last  up  to  23  days  without 
any  appearance  of  decay,  and  after  26  days,  only  5%  shew  de^y.  The 
non-irradiated  product  would  be  85%  decayed  after  26  days.^^ 


Alternative  2:  Baked  Ham  Slices 

The  fact  that  an  irradiated  ham  slice  product  will  closely  resemble  what 
the  customer  would  get  in  a  retail  establishment  is  the  greatest  selling  point  - 
for  this  item.  Irradiated  ham  slices  served  in  the  field  will  have  better 
taste,  texture,  and  appearance  (e.g.  the  coloring  of  a  baked  product  as  opposed 
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EFFECT  OF  IRRADIATION  ON 
STRAWBERRY  SHELF  LIFE 
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Figure  2-  Bulk  Strawberry  Shelf  Life 


EFFECT  OF  IRRADIATION  ON 
COST  OF  STRAWBERRIES  (Packaged) 
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to  the  look  of  a  boiled  product) .  The  item  would  not  be  packed  in  a  brine 
medium,  v4iich  is  required  for  heat  transfer  to  sterilize  the  current  tray  can 
product.  Ihe  processing  flew  chart  for  the  ham  slices  is  included  in  Figure 

5. 


Ihe  irradiated  product  is  packaged  without  added  liquid  in  a  vacuum  seeiled, 
flexible  institutional  pouch.  Irradiation  does  not  need  added  liquid  for 
processing,  because  heat  transfer  is  not  necessary.  However,  adequate  thermal 
transfer  is  necessary  for  reheating  the  product  in  the  field.  Ihe  vacuum 
processing  essentially  pulls  the  packaging  material  ti^tly  around  the 
product.  Ihis  feature,  along  with  the  fact  that  the  product  will  be  packed  in 
a  single  layer,  will  allcw  maximum  heat  transfer  fron  the  field  feeding  heat 
source  (water  iimnersion)  to  the  product. 

Ihe  processed  portion  gross  wei^t  is  5.78  ounces  for  the  current  tray  can 
product,  and  3.11  ounces  for  the  irradiated  product.  Ihe  actual  serving  size 
(sli^tly  more  than  3  ounces  of  ham)  is  the  same  for  both  products.  Hewever, 
with  the  tray  can  item,  brine  is  added,  vhich  makes  the  contents  actually 
processed  greater  than  the  pouch  product,  which  does  not  have  added  brine.  Ihe 
volume  requirement  of  the  irradiated  product  might  be  sli^tly  less  than  the 
tray  can  item.  However,  the  irradiated  item  has  never  been  packaged  in  greater 
than  e}g)erimental  quantities,  and  consequently,  the  final  package  shape  and 
size  has  not  been  determined.  For  the  purposes  of  this  analysis,  the  volume 
requirements  are  considered  the  same  for  both  products.  Ihe  values  of 
pertinent  cost  factors  for  the  ham  slices  cost  conparison  are  presented  in 
Table  7.  Transportation  (dry)  costs  represent  a  2000-mile  shipment  from  a 
vendor  to  a  depot. 


Table  7.  Cost  Conparison  Plam  Slices. 


Packaging 
Blast  Freezing 
Retort 
Irradiation* 
Transportation 
TOTAIS 


Tray  Can 
Retort 
{$/serving) 
$0,069 


$0,012 

$0.037 

$0,118 


Flex.  Pouch 
Irradiated 
($/serving) 
$0,056 

$0,011 


$0,010 

$0.019 

$0,096 


★Integrated  facility,  volume  =  42  million  Ibs./yr. ,  througlput  =  7,937 
lbs. /hr.,  plant  o^rating  5250  hrs./yr.,  40  dose,  10  MeV  electron  beams, 
lOOkW  beam  power. 
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SIAUGHTEK 


STORAGE  OF  CARCASS 
24-72  HOURS 

AinOMATIC/MANUAL  BREAKDOWN 
mX,  FORM,  CURE 
PREOOOK  (enzyme  inactivation) 

COOL 

BUUC  PACK 
SLICING 

CANNING  (cost  difference)  PACKT^ING 

-  (cxjst)  FREEZE 

REPORTING  (cost  difference)  IRRADIATIC^I 

TRANSPORIATKXJ  AMBIENT 
(cost  difference) 

Figure  5.  Tray  Pack  Ham  Slices  Process  Flew. 


Recent  purchas^  of  tray  pack  ham  slices  totaled  5,132,160  servings  at 
$1.25  per  serving. The  irradiated  ham  slices  will  cost  about  $0,022  less 
per  serving  than  the  retort  item,  vAiich  translates  into  a  cost  savings  of  about 
$113,000  (1.8%)  for  the  $6,461,198  order.  Ihe  savings  result  from  the  lower 
cost  of  the  flexible  pouch  package  ($1.00  each)  as  cotpared  to  the  tray  can 
($1.25  each) ,  and  the  reduced  cost  for  transporting  flexible  pouch  product  from 
the  vendor  to  the  depot.  Currently,  pallets  of  tray  cans  cannot  be  double 
stacked  (i.e.  two  layers)  in  transit  because  of  the  wei^t  of  liquid  in  the 
product.  However,  the  reduced  wei^t  of  the  irradiated  product  without  AAjort 
liquid  permits  double  stacking  of  pallets  in  transit.  Ihus,  the  cost  of 
transporting  the  flexible  pouch  product  from  vendor  to  depot  is  half  of  that 
cost  for  the  tray  can  product.  At  the  d^x)t,  ration  entrees  are  assenbled  with 
other  menu  items  into  meal  modules.  Meal  modules  with  tray  can  entrees  can  be 
double  stacked  in  transit.  Consequently,  a  change  to  inn^ai  modules  with 
irradiated  flexible  pouch  entrees  would  not  result  in  a  reduction  in 
transportation  costs  from  depot  to  customer. 

Grilled  ChicJten  Breast 

Ihe  saying  used  to  be  ". .  .a  chicken  in  every  pot".  Today,  considering  the 
pcpularity  of  new  poultry  products,  the  vpdated  version  might  be  ". .  .a  grilled 
chicken  breast  on  every  plate".  Ihe  broiled  chicken  sandwich  has  literally 
rejuvenated  Burger  King  franchises  in  this  era  of  continually  flat  sales  for 
the  oversaturated  fast  food  market. 

The  goal  for  military  feeding  is  to  provide  a  hi^y  acceptable,  shelf 
stable  chicken  product,  such  as  a  vhole  grilled  breast  without  sauce  or  gravy, 
v^ich  cannot  now  be  provided  by  thermostabilized  preservation  methods.  It  is 
hc^jed  that  the  customer  will  perceive  the  irradiated  (sterilized)  vhole, 
grilled  breast  item  as  a  product  that  nore  closely  resembles  a  freshly  pr^>ared 
product,  in  comparison  to  chicken  menu  choices  currently  available  in  B  ration 
and  T  ration  settings.  Current  T  ration  (thermostabilized,  flat,  rectangular 
can)  choices  include  Chicken  Breast  with  Gravy,  Chicken  ala  King,  and  Chicken 
Caociatore.  B  ration  (thermostabilized  cylindrical  can)  choices  prepared  using 
canned  diced  chicken  include  Creole  Chicken  and  Baked  Chicken  and  Rice. 

The  flow  chart  for  chicken  is  depicted  in  Figure  4.  Thermostabilized,  tray 
can  chicken  breast  with  gravy  is  being  cortpared  to  irradiated,  grilled  chicken 
breast,  vacuum  packaged  in  a  flexible  pouch.  The  cost  factors  are  included  in 
Table  8.  The  serving  portion  is  4  ounces. 

Recent  contract  purchases  of  tray  can  chicken  breast  totaled  2,025,000 
servings,  et  $2.47  per  serving.  The  cost  of  the  irradiated  product  would  be 
$0.06  less  p:ir  serving,  vhich  translates  into  a  cost  savings  of  $121,500,  or 
2.4%. 

rharhTini  1  pH  Beefsteak 

Today's  dining  out  patrons  want  almost  everything,  frcan  meats  to  trendy 
baby  vegetables,  broiled  or  grilled.  Consumers  are  sold  on  the  flavor, 
appearance,  and  nutritional  benefits  of  this  form  of  food  preparation. 

The  capability  to  offer  front  line  troops  a  steak  item  that  has  the  much 
desired  char-broiled  look  and  flavor,  without  the  need  for  gravy  or  sauce. 
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REFRIGERATED  STORAGE 
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IRANSPCmATiai  AMBUNT 
(cost  difference) 


Figure  4.  Chicken  Flew  Chcirt. 
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Table  8.  Chicken  Cost  Ccnparison 


Tray  Can 
Retort 
($/serving) 

Flex.  Pouch 
Irradiated* 
($/serving) 

Packaging 

$0,140 

$0,110 

Blast  Freezing 

— 

$0,017 

Retort 

$0,024 

Irradiation 

$0,015 

TransportaticMi 

$<?tP75 

$0,037 

TOTALS 

$0,239 

$0,179 

♦Integrated  facility,  volume  =  42  million  Ibs./yr. ,  throu^Tput=7,937  lbs. /hr., 
plant  operating  5250  hrs./yr. ,  40  kGy  dose,  10  MeV  electron  beams,  100  kW  beam 
power* 


would  be  a  significant  achievement  in  field  feeding.  Irradiation  can  make  this 
possible.  The  cost  iitpacts  are  presented  in  Table  9.  The  serving  portion  is  5 
ounces. 


Table  9.  Beefsteak  Cost  Cotrparison 


Tray  Can 

Flex.  Pouch 

Retort 

Irradiated 

($/sei:ving) 

($/ serving) 

Packaging' 

$0,140 

$0,110 

Blast  Freezing 

— 

$0,017 

Retort 

$0,024 

— 

Irradiation* 

— 

$0,015 

Transportation 

$0,075 

$0,037 

totals 

$0,239 

$0,179 

♦Integrated  facility. 

volume  =  42  million  Ibs./yr. , 

throu^Tput=7,937  lbs. /hr. , 

plant  aerating  5250  hrs./yr.,  40  kGy  dose,  10  MeV  electron  beams,  100  kW  beam 
pcwer.^' 
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Ihere  currently  is  not  a  tray  can  beef  steak  item.  However,  an 
institutional  pouch  pack  irradiated  beefsteak  can  potentially  save  over  $0.06 
per  serving,  corpared  to  what  a  tray  can  beef  steak  item  would  cost  if  such  an 
item  was  procured  for  military  feeding. 

Meal  Readv-to-Eat  Roast  Beef 

Most  dining  aficionados  love  a  good,  authentic  deli  sandwich.  Ihe  goal 
is  to  enable  troops  in  the  field  to  make  a  sandwich  (using  the  new  shelf  stable 
bread)  with  hic^  quality,  deli-style  meats  like  roast  beef.  Ihe  roast  beef 
would  need  to  be  precooked  to  a  medium  rare  stage  to  inactivate  enzymes  before 
irradiation.  As  a  result,  the  MRE  product  would  have  medium-rare  color  and 
texture,  but  be  sterilized  by  the  irradation.  This  ocnbinaticxi  of  eppearanoe 
and  level  of  sterility  is  not  possible  with  thermostabil izat ion . 

The  cost  breakdown  for  the  irradiated  product  is  included  in  Table  10. 

The  serving  portion  is  8  ounces.  The  irradiated  roast  beef  would  cost  about 
$0,035  more  per  serving  (8  ounce)  than  a  conventionally  prepared  retort  iten. 
There  are  no  savings  as  a  result  of  reduced  packaging  costs,  because  the 
packaging  is  the  same  for  both  items.  With  packages  as  thin  as  an  individual 
serving  MRE  (Meal  Ready-to-Eat  field  ration) ,  added  liquid  is  not  necessary  for 
heat  transfer  during  thermostabilization  The  non-irradiated  item  would  be  "dry 
packed".  Consequently,  there  are  no  reductions  in  packed  wei^t  to  generate 
lower  transportation  costs.  However,  irradiation  preservation  has  the 
potential  to  offer  a  roast  beef  product  that  more  closely  resembles  a  freshly 
prepared  item  than  is  possible  with  traditional  thermostabilization  processing 
methods. 


Table  10.  MRE  Roast  Beef  Cost  Conparison. 


MRE 

MRE 

Retort 

Irradiated 

($/serving) 

($/serving) 

Blast  Freezing 

— 

•50.028 

Retort 

$0,017 

Irradiation* 

— 

$0,025 

TDIAI5 

$0,017 

$0,053 

facility,  volume 

=  42  million  Ibs./yr. , 

throu<^put=7,937  Ibs./hr. 

plant  gnerating  5250  hrs./yr.,  40  kGy  dose,  10  MeV  electron  beams,  100  kW  beam 
power. 
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Alternative  3 
Ground  Beef  I^tties 


Ihe  D^jartment  of  Defense  purchased  more  ground  beef  patties  (20.3  millioi 
pounds)  in  fiscal  year  1990  than  any  other  single  beef  item.^®  This  item  is 
extremely  popular  with  military  food  service  customers,  as  with  their  civilian 
counterparts. 

A  goal  of  Arm/  field  feeding  is  to  bring  products  as  fresh  as  possible  to 
field  units.  Food  irradiaticxi  can  make  it  more  tactically  feasible  to  serve  in 
the  field  products  that  more  closely  resemble  their  fresh  counterparts  than  is 
currently  possible. 

The  shelf  life  of  nonirradiated  chilled  ground  beef  is  4-5  days.  This 
shelf  life  is  a  great  deal  less  than  the  time  required  for  overseas  shipment, 
which  takes  20-30  days  from  vendor  to  custcmer.  Frozen  ground  beef  has  the 
shelf  life  to  survive  the  shipment.  However,  it  is  rare  for  frozen  storage  to 
be  available  in  field  situations.  If  field  refrigerators  (reefers)  are 
available,  than  one  could  expect  to  get  7-10  days  shelf  life  (3-5  days  for  the 
product  to  temper,  4-5  days  remaining  shelf  life  in  the  reefers)  from  frozen 
beef  patties,  onoe  the  product  is  off-loaded  at  the  port  of  destination.  This 
may  not  be  enough  time  for  the  product  to  be  shipped  to,  and  used  by,  field 
units. 

low-dose  irradiation  (dose  =  2.5  kGy)  can  extend  the  shelf  life  of  fresh 
ground  lamb  from  one  to  four  weeks. The  ccitposition  of  beef  is  very  similar 
t'j  lamb.  It  is  expected  that  the  shelf  life  of  chilled  beef  would  be  extended 
from  4  days  to  3-4  weeks  if  exposed  to  the  same  dose  of  irradiation.  However, 
this  still  is  not  enou^  time  for  a  chilled  shipment  to  be  delivered  to  an 
overseas  customer  before  its  expiration  date,  based  on  current  shipping  times 
from  the  United  States  to  Eurcpe  (20-25  days)  and  South  West  Asia  (25-30  days) . 

One  option  to  alleviate  these  prchlems  is  to  ship  frozen  beef  that  has  been 
irradiated  with  a  lew  dose.  Once  in  port,  it  would  teirper  (3  days)  when  stored 
under  chilled  conditions,  and  then  would  have  a  shelf  life  of  an  additioncil 
21-28  days  under  chilled  conditions.  The  irradiated  hamburger  patties 
(previously  frozen)  could  potentially  be  held  under  refrigerated  storage  for  a 
minimum  of  shelf  life  of  24  ciays  after  being  off-loaded  from  the  ship.  This  is 
six  times  the  shelf  life  of  non-irradiated,  chilled  ground  beef  patties,  and 
three  times  the  shelf  life  of  non-irradiat^  frozen  ground  beef  patties  that 
are  tempered  after  off-loading  from  the  transport  ship. 

If  chilled  storage  is  available  in  the  field,  then  the  combination  of 
frozen  and  irradiated  (low  dose)  processing  can  provide  a  clear  tactical 
advantage  to  field  feeding  situations. 

If  chilled  storage  is  not  available  in  the  field,  then  a  shelf  stable 
irradiated  (hi^  dose)  product  is  another  c^ion.  After  processing, 
refrigeration  would  not  be  required  during  storage  or  transportation. 

The  process  flew  for  these  cptions  is  included  in  Figure  6.  The  cost 
factors  are  presented  in  Tables  11-13. 
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roOZEN 

PACKAGE 

BLAST  FPEEZE 

REFRIG  TRANS 

FRZ.  STOR. 

^Assumed  to  be 


GRftTMD  REEF  PATTTER 
INtXJSTRIAL  PROCESS  FU3W 


COMMON  FROCESSES 
SIADQfTER 

CHIIIED  STORAGE  OF  CARCASS 
AUTCMATTC/MANUAL  BREAKDOWN 
TRDVGRIND/FORM 


rWTTTFn  TRRAD 


PACKAGE 


DOW  DOSE  IRRAD 

(CX)St) 


REFRIG  TRANS 


FROZEN  IRRAD 


PACKAGE 

BLAST  FREEZE 


.qHEIJ  STABLE 
FREOOOK* 

BLAST  FREEZE 
PACKAGE 

(cost  difference) 


DOW  DOSE  IRRAD. 
(cost) 


HIGH  DOSE  IRRAD. 
(cost) 


REFRIG  TRANS  CRY  TRANS 

(cost  difference) 


CHIIIED  STOR.  CHIIIED  STOR. 

(cost  difference) 


DRY  STOR. 


Figure  6.  Ground  Beef  Patties  Process  Flow. 


offset  by  reduced  labor  required  for  conventional  cooking. 
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Table  11.  Ground  Beef  Patties  Cost  Ccrparison 
Shipment  to  Eurcpe 


Packaging 

Non-irrad. 

Frozen 

($/serving) 

Irradiated* 

Q\illed 

IXM  Dose 
($/serving) 

Irradiated* 

Frozen 

Low  Dose 
($/serving) 

Irradiated** 

Sh&'lf 

Hicih  Dose 
($/serving) 

w  •  ^ V 

Blast  Freeze 

0.0110 

0.0110 

0.0110 

Irradiation 

• 

0.0020 

0.0020 

0.0180 

Transportation 

0.0260 

0.0260 

0.0260 

0.0120 

Storage**^ 

0.0022 

0.0017 

0.0017 

0.0004 

TOTALS 

0.0392 

0.0297 

0.0407 

0.0664 

♦Integrated  facility. 

volume  =  52 

million  Ibs./yr. , 

throughput  = 

9,905 

lbs. /hr. ,  plant  utilization  =  5250  hours/yr.,  2.5  kGy  dose,  7  MeV  electron 
beams,  7.8  kW.^^ 

♦♦Integrated  facility,  volume  »=  52  million  lbs. /^. ,  throu(^iput=9905  lbs. /hr. , 
plant  utilization  =  5250  hrs./yr. ,  40  kGy  dose.^^ 

♦♦♦Inventory  Turnover  26  Times  per  year 


Table  12.  Ground  Beef  Patties  Cost  Coitparison 
Shipment  to  Middle  East 


Packaging 

Non-irrad. 

Frozen 

($/serving) 

Irradiated 
Chilled 
low  Dose 
($/serving) 

Irradiated* 

Frozen 

Lew  Dose 
($/serving) 

Irradiated** 
Shelf  Stable 
Hicjh  Dose 
($/serving) 

0.0250 

Blast  Freezing 

0.0110 

— 

0.0110 

0.0110 

Irradiation 

0.0020 

0.0020 

0.0180 

Transportation 

0.0750 

0.0750 

0.0750 

0.0530 

Storage*** 

0.0022 

0.0017 

0.0017 

0.0004 

TOTALS 

0.0882 

0.0787 

0.0897 

0.1074 
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Table  13.  Ground  Beer  Patties  Cost  Oorparison 
CONUS  2000  Mile  Shipment 


Packaging 

Frozen 

($/svg.) 

Irradiated 

Chilled 

low 

Dose 

iTTadi^t^* 

Frozen 
low  Dose 
($/svg.) 

Irradiated** 
Shelf  Stable 
High  Dose 
($/svg.) 

0.0250 

Blast  Freezing 

0.0110 

0.0110 

0.0110 

Irradiation 

0.0020 

0.0020 

0.0180 

Transportation 

0,0134 

0.0134 

0.0134 

0.0128 

Storage*** 

0.0022 

0.0017 

0.0017 

0.0004 

TOTALS 

0.0266 

0.0171 

0.0281 

0.0672 

*  Integrated  facility,  volume  =  52  million  Ibs./yr. ,  throu^iput  =  9,905 
Ibs./hr.,  plant  utilization  =  5250  hours/yr.,  2.5  kGy  dose,  7  MeV  electron 
beams,  7.8 

**  Integrated  facility,  volume  =  42  million  Ibs./yr. ,  throu^Tput=7 , 937 
Ibs./hr. ,  plant  utilization  =  5250  hrs./yr. ,  40  kGy  dose,  7  MeV  electron  beans, 
100  kW  beam  power. 

***  Inventory  Turnover  26  Times  per  year 

The  total  cost  iitpacts  due  to  preservation  method  are  summarized  in  Table 
14.  For  all  the  shipments,  the  chilled,  lew  dose  irradiation  product  costs 
about  $0.01  less  per  serving  than  the  current  non- irradiated  frozen  product 
(the  Department  of  Defense  pays  on  average  $0.28  per  hamburger  serving^^) . 

Cost  savings  from  not  having  to  blast  freeze,  and  reduced  storage  costs,  more 
than  offset  the  cost  of  irradiation.  The  frozen  irradiated  product  that  is 
kept  chilled  from  port  of  destination  to  the  customer  will  cost  sli^tly  more 
than  the  nonirradiated  frozen  product,  although  this  itxTease  is  almost  not 
measurable. 

Oenpared  to  the  nonirradiated  frozen  product,  the  irradiated  shelf  stable 
product  costs  about  $0.02  more  for  shipments  to  the  Middle  East,  $0.03  more  for 
shipments  to  Eurepe,  and  $0.04  cents  more  per  serving  for  domestic  shipments. 
The  difference  is  due  to  the  fact  that  transportation  costs  vary  d^)ending  on 
shipmoit  destination  (Table  15) .  The  greatest  difference  in  the  cost  of 
tran^xsrting  a  frozen  or  chilled  product  as  compared  to  a  shelf  stable  product 
is  in  shipments  to  the  Middle  East,  followed  by  Europe.  Chilled/frozen  and 
ambient  transportation  costs  within  the  United  States  differ  only  sli^tly, 
which  is  vhy  the  ixKnreased  cost  for  irradiation  and  packaging  of  shelf  stable, 
hamburgers  is  greater  for  service  in  the  United  States. 
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Shelf  stable  products  inust  be  packaged  for  protection  from  oxygen  and 
reentry  of  microorganisms  Ihe  additicHial  packaging  cost  for  irradiated  shelf 
stable  hamburgers  is  based  on  using  the  same  material  as  for  MRE  entrees,  which 
has  been  successfully  tested  in  food  irradiation  studies.  °  The  approach 
used  would  be  a  '*bag  in  the  box."  The  hanhurgers  would  be  bagged  and  sealed  in 
the  MRE  entree  naterial,  and  then  placed  in  a  standard  ceundboard  box  prior  to 
irradiatioi.  The  box  would  be  very  similar  in  size  and  shape  to  the  current 
frozen  hamburger  case.  The  cost  of  irradiation  for  hamburgers  is  based  on  the 
use  of  Cobalt  60,  which  must  be  used  to  penetrate  the  full  case  of  product. 

The  cost  of  frozen  storage  is  1.3  times  greater  than  chilled  storage,  and 
about  5.5  times  that  of  dry  storage.  However,  savings  in  storage  cost  are 
snail  in  relatic^  to  the  additional  costs  due  to  irradiation. 

Shelf  stable  hanhurgers  will  only  have  to  be  reheated  for  customer 
service.  It  is  possible  that  the  resulting  lower  labor  and  energy  costs  will 
offset  the  increased  cost  of  irradiation  and  packaging. 

Table  14.  Ground  Beef  Patties  Cost  Ccnparison 
Nonirradiated  vs.  Irradiated  Products 
$/serving 


Frozen,  Nonirradiated 

Eurooe 

Middle  East 

OCWUS 

Chilled,  Irradiated 

Low  Dose 

(0.0095) 

(0.0095) 

(0.0095) 

Frozen,  Irradiated 
low  Dose 

0.0015 

0.0015 

0.0015 

Shelf  Stable,  Irradiated 
Hi^  Dose 

0.0272 

0.0192 

0.0406 

Table  15.  40' 

container  Transportation  Costs 

Eurooe 

Middle  East 

2000  Mile 
OCMJS  Shicment 

General  Dry 

$2467 

$10,760 

$2580 

Refrig/Frozen 

$5286 

$15,120 

$2700 
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IV.  Conclusions 

In  Alternative  1,  lew  dose  irradiation  to  extend  the  shelf  life  of  a 
chilled  product  was  examined.  It  appears  from  the  ancLlysis  of  this  alternative 
that  irradiation  can  be  of  benefit  in  extending  the  shelf  life  of  highly 
perishable  chilled  items,  such  as  stravADerries.  Ihe  potential  reduced  losses 
due  to  spoilage  of  the  irradiated  product  can  have  a  leunge  effect  on  net  cost. 
The  exanple  provided  on  stravdserries  shews  that  when  loss  due  to  spoilage  is 
taken  into  consideration,  irradiation  can  generate  cost  savings  of  14%  and 
hitler  oerpared  to  the  actueil  cost  of  the  conventional  chilled  product. 

A  cerparison  of  sterilization  by  retort  (tray  can)  and  by  irradiaticai 
(flexible  institutional  pouch)  was  made  in  Alternative  2.  For  group  feeding 
items  (i.e. ,  bulk  feeding  containers  with  lew  ratios  of  net  wei^t  to  liquid 
content  wei^t) ,  the  costs  associated  with  irradiation  (irradiation,  blast 
freezing)  can  be  offset  by  reduced  transportation  and  packaging  costs.  The 
cost  of  transportation  from  vendor  to  depot  is  reduced  because  the  pouch 
packaged  irradiated  product  (with  no  added  liquid)  wei^is  substantieLLly  less 
than  a  thermostabilized  tray  can  counterpart.  This  allcws  double  the  quantity 
of  the  irradiated  product  to  be  delivered  per  shipping  container.  In  addition, 
the  flexible  institutional  pouch  costs  20%  less  than  the  tray  c^. 

For  individual  rations  (i.e.,  net  weii^t  to  liquid  weight  ratio  can  be 
hi(5h)  f  the  costs  eissociated  with  irradiation  are  additional,  since  weicht 
savings  are  not  generally  possible,  and  there  is  no  change  in  packaging  frean 
the  current  ration  to  produce  cost  reductions. 

In  Alternative  3,  three  options  for  processing  ground  beef  patties  were 
cempared  to  conventional  preservation  by  freezing:  a  lew  dose  chilled  product 
with  extended  shelf  life;  a  cotrbination  of  freezing  and  irradiation  (lew  dose) 
to  extend  shelf  life;  and  irradiation  (high  dose)  sterilization  to  achieve 
shelf  stability.  The  chilled  low  dose  hamburger  costs  about  $0.01  (3.6%)  less 
than  the  current  nonirradiated  frozen  product.  The  shelf  life  of  21-28  days 
can  be  taken  adveintage  of  in  dcsnestic  shipments.  However,  the  product  does  not 
provide  a  comfortable  margin  for  shipment  overseas,  Vihich  usually  requires 
20-30  days. 

The  frozen  irradiated  (low  dose)  product  can  provide  a  clear  tactical 
advantage  in  overseas  field  situations,  but  will  cost  slightly  more  (one  half 
of  one  percent)  than  the  conventional  frozen  item.  This  concept  is  designed  to 
take  advantage  of  the  fact  that  if  any  tenperatxore  controlled  storage  is 
available  in  the  field,  it  is  usually  chilled  and  not  frozen.  This  irradiated 
product  is  kepjt  frozen  during  overseas  shipments,  and  is  allowed  to  tenper  in 
field  reefers  after  being  off-loaded  from  Ccurgo  ships.  This  would  provide 
24-31  days  shelf  life  after  being  off-loaded  at  the  port,  as  compared  to  7-10 
days  shelf  life  of  a  non-irradiated  frozen  product  that  is  allowed  to  tenper  in 
field  reefers.  It  normally  takes  3-7  days  in  theater  for  shipment  from  port  to 
customer.  This  leaves  a  minimum  of  17  days  shelf  life  remaining  to  provide 
logistical  flexibility  in  field  feeding  situations,  provided  field 
refrigeration  is  available. 

The  shelf  stable  hamburger  provides  a  clear-cut  tactical  advantage  in  field 
feeding  situations.  From  a  logistic  point  of  view,  field  reefers  do  not  have 
be  purchased,  transported,  leased  or  maintained  for  this  item.  The  shelf 
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stable  item  will  (x>st  more,  since  savings  in  transportation  and  storage  costs 
do  not  offset  cost  increases  for  packaging  to  maintain  shelf  stability  and  the 
irradiation  process.  The  cost  increase  per  serving  for  hantourgers  shipped  to 
the  Middle  East  is  $0.02,  $0.03  for  Eorope,  and  $0.04  for  shipments  in  the 
United  States.  Ihis  item  would  be  precooked,  and  would  only  have  to  be 
reheated  for  customer  service.  Savings  associated  with  reduced  energy  and 
laoor  costs  at  final  pr^jaration  have  not  been  factored  into  this  euvdysis.  It 
is  possible  that  such  savings  will  offset  the  increased  cost  attributed  to 
attaining  shelf  stability. 

Ihe  cost  of  irradiation  preservation  fluctuates  depending  on  many  major 
factors:  the  radiation  source,  the  dose  level,  product  throu^^xit  per  hour, 
annual  volume,  and  source  efficiency.  Oobcdt  60  has  the  advantage  of  hi^ 
penetration  capability,  but  gets  relatively  ei^jensive  as  dose  and  volume 
increase.  Ihe  cost  of  Oobalt  60  becomes  an  increasingly  larger  percentage  of 
annucil  operating  cost  as  output  increases.  Capital  requirements  for  electron 
accelerators  increase  at  a  slower  rate  than  power  capacity.  Ihis  is 
illustrated  in  Table  16.  Annucd  capital  costs  are  presented  as  estimated  for 
the  radiation  source,  and  as  a  percentage  of  total  annual  capitcil  costs  for  the 
radiation  facility. 


Table  16.  Annual  Cost  of  Radiation  Source 


Dose=2.5  kGv  Dose=40  kGv 


Annual 

% 

Irrad. 

Annual 

% 

Irrad, 

SfOOO^ 

Total 

Cost/lb. 

SfOOO^ 

Total 

Cost/lb, 

Electron 

Beam* 

164 

27 

$0,012 

943 

45 

$0,049 

Cobalt  60** 

241 

36 

$0,013 

3,771 

77 

$0,094 

*  42  million  pounds  pjer  yecur 
**  52  million  pounds  per  year 

As  volume  and/or  dose  level  increase,  electron  beam  processing  seems  to 
have  the  economic  advantage.  However,  electron  beam  processing  has  limited 
penetration  capability,  and  thus  cannot  be  used  on  products  that  are  more  than 
1-inch  thick.  Generally,  \^en  the  item  to  be  irradiated  is  greater  than  a 
single  serving,  some  form  of  irradiation  other  than  electron  becuns  must  be 
used. 


Foods,  like  other  organic  and  inorganic  items,  are  mixtures  of  different 
chemical  ccnpounds.  Ihe  qualities  we  aim  to  influence  in  the  kitchen, 
processing  plant,  or  laboratory  -  taste,  texture,  color,  quality  -  are  eill 
manifestations  of  chemical  prc^jerties  and  chemical  reactions.  Food  is  a  world 
of  molecules  and  their  reactions  to  each  other  and  the  processes  they  are 
e}^x3sed  to  -  broiling,  grilling,  chilling,  freezing,  irradiating  -  that 
enhance  the  utility  of  food.  Irradiation  is  another  preservation  method 
science  has  discovered  that  can  help  military  food  service  produce  shelf  stable 
and  extended  shelf  life  chilled  products  of  higher  quality  than  new  possible. 


This  do;uaien:  reports  research  ur.dertaicen  at  the 
'J5  Amy  Natick  Research,  teveloprae.-.t  and  Enainecrir 
Center  and  has  been  assigned  No.  NATICK/TR-n^QQ  ^ 
in  the  series  o;  reports  appro-ed  for  publication^ 
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OQST/EATA  SI^MARY  AND  .qnTRrRR 


1.  Data  Summary  on  40  f£.  Shipping  Container  -  used  for  dcmestic  and 
overseas  shiproent  of  dry  and  refrigeratecVfrozen  product. 

a.  Ft.  Lee  office  for  Direct  Ocranissary  Si^port  Systesm,  Mr.  Carl  Younce, 
804/734-3764,  AV;  687-3764,  1-18-91. 

-  One  40  ft.  shipping  ccaitainer  =  56  measurenient  tons  =  2240  maximum  cf 
(cubic  feet) . 

(  1  measurement  ton  =  40  cf.) 

-  maximum  cargo  wei^t  per  oc»itainer  =  46,000  lbs. 

-  average  net  cf  of  product  per  shipment  ^  isoo  cf 

-  normally,  eadi  40  ft.  container  will  hold  40  total  pallets: 

-20  pallets  cai  bottom  layer  (  2  ron®  of  10  pallets  each) ,  and; 

-20  pallets  on  the  tcp  layer. 


b.  Military  Transportation  Management  Ccmmand  (MIMC) ,  Mr.  Tom  Strausbaui^, 
Falls  Church,  VA  AV:  289-1577/1717,  1-17-91. 

-  Cost  for  shipment  of  40  ft.  container  from  a  vendor  in  eastern  United 
States  to,  for  exaitple,  Eurcpe  or  Saudi  Arabia,  is  a  flat  rate  charged  to 
the  shipping  service  (i.e..  Army,  Navy  etc.)  by  the  Military  Sealift 
Ocmmand  (MSC) .  This  rate  is  published  in  the  MSC  Container  &  Pate  Guide. 
MIMC  administers  shipping  contracts  with  carriers,  d^aending  on  origin, 
port,  and  destination.  The  additive  route  costs  of  these  contracts  are 
used  to  determine  the  flat  rate  charged  to  military  customers. 

-  Shipping  Cost  East  Coast  to  Europe  =  10-15  days  (port  to  port) .  General 
cargo  =  $44.05  per  meas.  ton  =  $2467  per  container.  Tenperature 
Controlled  Cargo  (refrig,  or  frozen)  =  $94.40  per  meas.  ton  =  $5286  per 
container. 

-Shipping  Cnst  Fast  Coast  to  the  Middle  East  =  24-25  days  (port  to  port) . 
General  cargo  =  $192.15  per  meas.  ton  =  $10760  per  container.  Tenperature 
Controlled  Cargo  (refrig,  or  frozen)  =  $270  per  meas.  ton  =  $15120  per 
container. 

-  A  domestic  shipment,  such  as  Chicago  to  an  east  coast  port,  usually  will 
not  take  Icxiger  than  3  days. 

-  Once  the  product  gets  in  theater,  the  roaximim  time  to  destination  is  8 
days  (ocxitract  stipulated) . 

-  Overall:  East  Coast  to  Eurcpe  =  average  26  days,  including  domestic 
portion  of  trip;  East  Coast  to  Saudi  Arabia  =  average  36  days. 
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c.  Major  Sherrill,  Chief,  Etefense  Subsistence  Office,  Bayonne,  N.J. 

AV: 247-7447,  1-22/23-91. 

-  35-40  cases  average  per  pallet.  Average  40,000  lbs.  net  product  per 
trailer. 

-  Uses  a  planning  factor  of  1250  cf  net  product  per  ocaitainer. 

d.  Mr.  Buddy  Maull,  Defense  Personnel  Support  Center,  Subsistence  Supply 
C3peraticxis  Division,  Perishable  Branch  (DPSC-^P) .  Administrator  of  the 
Chilled  Beef  to  Eur^  program.  AV:  444-4503,  1-23-91 

-  Average  18  pallets  per  layer,  per  40  ft.  OOTtainer. 

e.  Military  Traffic  Management  Command,  Frei^t  Traffic  Department, 
Bayonne,  N.J.  Marge,  AV:  247-7196,  1-22/23-91. 

-Requested  frei^t  rates  for  40  ft.  container  over  three  dcroestic  routes: 
Chicago,  IL  -  Cincinnati,  OH  *  285  miles;  Chicago,  IL  -  Menphis,  IN  =  532 
miles;  Chicago,  IL  -  Peoria,  IL  *  153  miles.  Average  cost  per  mile  for 
dry  (non-ref rigerated)  shipments  =  $1.29,  temperature  controlled  shipments 
(refrigeratecVfrozen)  =  $1.35.  Rates  include  average  9%  fuel  surcharge. 

-Bacjftd  ryi  the  above  transportation  information,  the  following  will  be 
assumed  for  40  ft  shipping  containers:  1.  maximum  usable  space  per 
container  is  1525  cf  (this  is  the  average  of  1800  cf  per  Mr.  Younce,  and 
1250  cf  per  Maj.  Sherrill);  2.  maximum  quantity  of  40  pallets;  3.  maximum 
gross  cargo  wei^t  =  46,000  lbs. 


2.  Data  Surnmary  ot  Storage  Costs 

Storage  cost  data  was  obtained  from  local  catnmercied  sources.  All  storage 
rates  are  per  100  Ibs/month,  with  the  handling  charge  being  a  one-time 
(i.e.  in  and  out)  cost. 

Atlantic  Cold  Storage  Corp.  617/442-6722,  1-21-91 

-  frozen  =  $.99  handling  per  100  lbs,  $.71  storage  per  100  lbs. 

-  refrigerated  =  $.65  handling  per  100  lbs,  $.65  storage  per  100  lbs. 

Amerioold  617/923-2100,  1-21-91 

-  frozen  and  refrigerated  =  $2.04  handling,  $1.50  storage  per  100  lbs. 

Oondyne  Cold  Storage  617/344-0500,  1-21-91  (Ocaidyne  has  been  awarded  a  3 
year  contract  with  Defense  Subsistence  Office,  Boston) . 

-  frozen  =  $1.50  handling  per  100  lbs.,  $1.20  storage  per  100  lbs. 

-  refrigerated  =  $1.00  handling  per  100  lbs.,  $1.00  storage  per  100  lbs. 
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American  Gold  Storage  &  Wauiahouse  Oorp.  617/329-8585,  1-21-91 

-  frozen  =  $.60  handling  per  100  lbs.,  $.60  storage  per  100  lbs. 

-  refrigerated  $.50  handling  per  100  lbs.,  $.50  storage  per  100  lbs. 

-  dry  =  $5.00  per  pallet  handliiig,  $5.00  per  pallet  storage 

Affiliated  Warehouse,  Inc.  508/588-1280,  1-21-91 

-  dry  =  $7.50  per  pallet  handling,  $7.50  per  pallet  storage 

Wakefield  Distribution,  508/777-5360,  1-21-91 

-  dry  =  $6.50  per  pallet  handling,  $6.50  per  pallet  storage. 


Dry  Per  Pallet/Mcxith:  handling  =  $6.33;  storage  =  $6.33  ($76  annual  storage 
cost  per  pcdlet) . 

Refrigeration  Per  100  Ibs./month:  handling  =  $1.04;  storage  =  $.91  (annual 
storage  cx3st  =  $.11  per  pcund) . 

Freezer  Per  100  Ibs./month:  handling  *  $1.28,  storage  =  $1.01  (annual  storage 
cost  $.12  per  pound) 

Per  1986  American  Society  of  Heating,  Refrigerating  and  Air  C3OTditioning 
Engineers,  Inc.  Handbook,  Inch-Pound  Edition,  refrigerated  items  average  32 
Ibs./cf,  and  frozen  items  average  38  Ibs./cf.  Given  this  informatics^,  and  the 
above  average  refrigeration  and  freezer  storage  cxxsts,  cf  costs  of  refrigerated 
and  frozen  storage  for  this  analysis  are  established  as: 

refrigeration  =  $3.52/cf  annual  storage  cost, 
frozen  =  $4.56/cf  annual  storage  cost. 


3.  Data  Summary  on  Prcx:essina  Costs 

Processing  exists  were  calculated  based  on  information  from  a  variety  of 
sources. 

Three  sources  in  the  literature  were  used  to  determine  the  energy 
requirements  of  blast  freezing  and  retort  processing.  In  the  first  source. 
Identification  of  Manor  Ar«ag  of  Energy  Utilization  in  the  Food 
Processina/Focx3servica  Industry.  Samuel  J.  Dwyer,  III,  University  of 
Missouri-Golumbia,  M3,  1977  (funded  by  the  National  Science  Foundation,  grant  # 
N  F  SIA  75-16222)  it  was  determined  that  blast  freezing  dicad  chicken  requires 
1276  BlU's/lb. ,  and  retorting  diced  chicken  required  395  BIU 's/lb.  The  Dwyer 
finding  for  retorting  was  2dso  used  by  Brynjolfsson  in  "Energy  and  Food 
Irradiation",  Intematicsial  Atomic  Qiergy  Asscxriation  publication  SM-221/54, 
1978.  Hamilton  A.  Olabode,  et.  al.  in  ’Total  Energy  to  Produce  FexxJ  Servings 
as  a  Function  of  Processing  and  Marketing  Modes",  Journal  of  Foexi  Scienca.  Vol 
42,  No.  3,  1977,  determined  energy  requirements  for  blast  freezing  potatoes 
was  1464  BIU's/  lb. 

The  average  cost  per  KWH  for  commercial  customers  in  the  United  States  for 
1990  was  $0. 0735/KWH  (National  Energy  Information  Center,  Washington  D.C. , 
202/586-8800) . 


Conversion  factors  reseemAed  for  this  resort  are  from  Ihe  Statistical 
Abstract  of  the  United  States  1990.  U.S.  D^)artinent  of  Ocnroercse,  Section  19 
Energy: 

-Petroleum  -  5.403  mil.  Btu  per  barrel 

-Coal  -  21.517  mil  Btu  per  short  tcxi  (2000  lbs.)=10,758  Btu's  per  lb. 

Cost  of  Bituminous  coed  is  assumed  to  be  $23/short  ton. 

-Fossil  fuel  steam-electric  power  plant  generation  factor  of  10,253 
Btu  per  KWH  (heat  generation  only,  not  oonsunption) . 

Ihe  average  cost  of  natural  gas  to  ooranercial  custoners  in  the  United  States  11 
mcsiths  in  1990  was  $4.96  per  million  BUJ's.  Source  is  the  American  Gas 
Association,  Arlington,  VA,  703/841-8400. 

Processing  Costs 

Food  processors  ocntacted  were  reccranended  by  food  buyers  at  the  Defense 
Personnel  Support  Center.  Obtaining  actual  processing  costs  from  industry 
contacts  proved  more  difficult  than  expected.  Seme  sources  stated  they  did  not 
ke^  detailed  encuc^  cost  data  to  detendne  the  cost  of  specific  food 
processing  c^^erations.  The  informaticxi  obtained  is  as  follows: 


Blast  Freeze 


Goldkiss  Foods,  Georgia,  404/393-5000: 

depreciation,  labor,  energy. 

Tyson  Foods,  Arkansas,  501/756-4000: 

d^reciation,  labor,  energy 
Tip  Top  Poultry,  Georgia,  404/973-8070: 

d^reciation,  labor,  energy 
Stpreme  Beef,  /texas,  214/428-1761: 


$0. 035/lb.,  plant/equipment 
$0. 070/lb.,  plant/equipment 
$0 . 055/lb . ,  plant/equipment 
$0. 016/lb.  energy  cost  only. 


NOTE:  Base  on  above  data,  an  average  cost  of  $0.055/ lb.  is  used  in  this  report 
for  blast  freezing. 


Retorting 


ConAgra  (formerly  Blue  Star  Foods),  Icwa,  712/322-0203: 

Recent  DOD  Contract,  33,600  Cans/Shift,  cost  per  6.5  lb.  can: 

Energy=$0.035 
Maintenance=$0 . 005 
Iabor=$0.007 

Retort  Equipment  depreciationF$0.047 

Tatal=$0. 095/6  lb.  can  =  $0. 015/lb.  Nobe;oosts  do  rwt  including  building  or 
plant  d^reciation. 

Vanee  Foods,  Illinois,  708/449-7300:  no  info  available 


Pillsbury,  Minnesota,  612/665-3515:  cost  data  trackeeVvaries  among  plants; 
source  contacted  would  not  provide  details  on  plant  operations. 


Tory  Dcmis  Foods,  St.  James,  MN,  costs  per  6.5  lb.  can: 
Energy  (steam,  water,  electricity)  =  $0,065 
labor  (canning,  filling,  retorting)  =  $  0.065 
Fixed  E}q)ense  (plant  &  equipment  d^reciation)  =0.09 
Total  =  $0,205/  6  lb.  can  =  $0. 0328/lb. 


42 


NOTE:  The  data  fron  Tony  Downs  Foods  appears  to  be  the  raost  ocnplete  in  terns 
of  oovering  edl  major  costs  vhich  should  include:  labor,  energy,  and  fixed 
expense  that  includes  cost  of  retort  equipment  buildings/ facilities.  A 

cost  of  $0. 033/lb  is  used  in  this  report  as  the  cost  of  retorting. 

(Xierational  Data  sn  Chicken 

Ttav  Can  Nbnirradiat*^  chicken  Breast  with  Gravy: 

can  -  6.5  lbs.  net  weight,  2.81  lbs.  drained  wei^t. 
sezvings/can  *=  9 

consumable  producticxi  weight/sezving  »  11.55  ounces  -  0.7219  lb. 

4  cans/case  «  36  sezvings/case 

case  cf  s  .68,  consumable  serving  cf  «  .0189 

case  gross  wei^t  -  33  lbs. 

46000  lbs.  max.  wgt.  per  40  ft.  container  «  max.  1394  cases  per  40  ft. 
container 

48  cases/pallet  =  1728  consumable  sezvings/pallet 

20  pallets/40  ft  trailer  »  34560  consumable  sezvings/40  ft  trailer 

Dry  trans  east  coast  to  Europe/40  ft  trailer  =  $2467  =  $.07l3/svg. 

Dry  trans  east  coast  to  Saudi  Arabia/40  ft.  trailer  =  $10760  =  0.3113/svg. 

Dry  trans  1000  mile  domestic  shipment/40  ft.  trailer  »  $1290  = 
$0.0373/sezving;  2000  mile  trip  =  $0. 0746/serving. 

Annual  Dry  Storage  Cost  Per  Pallet  =  $76  =  Per  Serving  =  $.0440 

Flexible  Package  Institutional  Pouch  Irradiated  Chidfen  Rneast; 

pouch  «  2.81  lbs.  net  wei^t,  ?.81  lbs.  drained  wei^t. 
sezvings/pouch  =*  9 

consumable  production  wei^t/sezving  *  5.0  ounces  =  0.3125  lb. 

4  pouches/case  =  36  sezvings/case 

pouch  cf  =  .68,  consumable  serving  cf  =  .0189 

case  gross  wei^t  -  15  lbs. 

46000  lbs.  max.  wgt.  per  40  ft.  container  =  max.  3066  cases  per  40  ft. 
container 

48  cases/pallet  =:  1728  consumable  sezvings/pedlet 

40  pallets/40  ft  trailer  =  69120  consumable  sezvings/40  ft  trailer 

Dry  trans  east  coast  to  Europe/40  ft  trailer  =  $2467  =  $.0357/svg. 

Dry  trans  east  coast  to  Saudi  Arabia/40  ft.  trailer  =  $10760  =  $0.1557/svg. 

Dry  trans  1000  mile  domestic  shipment/40  ft.  trailer  =  $1290  *  $0. 0187/serving; 
2000  mile  trip  =  $0. 0374/serving. 

Temp,  control  supplemented  tran^xsrtation  cost  =  $1. 35/mile;  150  mile  trip  = 
$202  =  $. 0029/serving. 

Annual  Dry  Storage  Oost  Per  Pallet  =  $76,  Per  Serving  =  $.0440. 
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Operational  Data  on  Ground  Beef  Patties 
Nonirradiated.  Frozen.  Grujnd  Beef  Patties: 


MSN  8905-00-935-3268 
case  =  36  Ihs  net  wei^t 
sezvings/case  192 

consumable  production  wei^t/serving  =  3.0  ounces  =  0.1875  lb 
r«<M>  cf  =  2.36,  consumable  serving  cf  =  .0123 
case  gross  wei^t  =  42  lbs. 

46000  lbs.  xnax.  wgt.  per  40  ft.  ccvitainer  =  max.  1095  cases  per  40  ft. 
container 

35  cases/pallet,  6720  consumable  sezvings/pallet 

30  paLllets/40  ft  trailer,  201600  consumable  servings/40  ft  trailer 

$2467  dry  tzais  east  coast  to  EurQpe/40  ft  trailer  =  $.0120/svg. 

$10760  dry  tzans  east  coast  to  Saudi  Arabia/40  ft.  trailer  =  $0.053/svg. 
Ilry  trans  1000  mile  domestic  shipment/40  ft.  trailer  =  $1290  = 

$0. 0063/serving;  2000  mile  trip  =  $0. 0128/serving. 

$5268  Chilled  tzans  east  coast  to  Eurape/40  ft  trailer  =  $0.0260/svg. 
$15120  chilled  trans  east  coast  to  Saudi  Arabia/40  ft.  trailer  = 
$0.0750/svg. 

Chilled  trans  1000  mile  domestic  shipment/40  ft.  trailer  =  $1350  = 

$0. 0067/serving;  2000  mile  trip  =  $0. 0134/serving. 

Annued  Frozen  storage  Cost  =  $4.56  cf  =  $0.056/servij^ 

Annual  Chilled  Storage  Cost  =  $3.52  cf  =  $0. 044/serving 

Irradiated.  Ground  Beef  Patties; 

case  =  36  lbs  net  wei^t 
servings/case  =  192 

consumable  production  wei^t/serving  =  3.0  ounces  =  0.1875  lb 
case  cf  =  2.36,  ccsTsumable  serving  cf  =  .0123 
case  gross  weic^t  =  42  lbs, 

35  cases/pallet,  6720  consumable  servings/pallet 

30  pallets/40  ft  trailer,  201600  consumable  servings/40  ft  trailer 

$2467  dry  trans  east  coast  to  Europe/40  ft  trailer  =  $.0120/svg. 

$10760  dry  trans  east  coast  to  Saudi  Arabia/40  ft.  trailer  =  $0.0'^3/svg. 
Dry  trans  1000  mile  domestic  shipment/40  ft.  trailer  =  $1290  = 

$0. 0063/serving;  2000  mile  trip  =  $0. 0128/serving. 

$5268  chilled  trans  east  coast  to  Eua:ope/40  ft  trailer  =  $0.0260/svg. 
$15120  chilled  trans  east  coast  to  Saudi  Arabia/40  ft.  trailer  = 
$0.0750/svg. 

Chilled  trans  1000  mile  domestic  shipment/40  ft.  trailer  =  $1350  = 

$0. 0067/serving;  2000  mile  trip  =  $0. 0134/serving. 

Annual  Frozen  Storage  cost  =  $4.56  cf  =  $0. 056/serving 
Annual  Chilled  Storage  Cost  =  $3.52  cf  =  $0. 044/serving 
Annual  Dry  Storage  Cost  =  $76  per  psdlet  =  $0.011/serving 
1.35/toile  tenp.  control  sipplemental  transportation  cost,  150  mile  trip 
=  $202  =  $. 001/serving 

MRE  Packaging  material  costs  $0,003  per  square  inch.  Estimate  for  MRE 
material  to  package  l  case  of  shelf  stable  hamburgers  =  1578  square 
inches  =  $4. 73/case  =  $0. 025/serving. 
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(Xaerational  Data  -  Strawberries 


Per  Major  Sherrill,  Chief,  Defense  Subsistence  Center,  Bayonne,  NJ 
A247-7447,  1-22-91 

1  pint  yields  5  servings 

12  pints  per  flat  =  60  servings/flat 
cost  per  flat  =  $14 

8  flats  per  pallet  tier  =  480  servings/tier 

13  tiers  per  pedlet.  Pallets  ceuinot  be  stacked. 

Flat  =  13  lbs  gross  wei<^t,  12  lbs.  net. 

I^let  s  104  flats  =  6240  servings 

Per  40  ft  ocntainer  -  20  pedlets  =  124,800  servings/40'  container 
$1. 35/mile  tenperature  ocntrolled  sipplenental  transportaticai  cost;  150 
mile  trip  =  $202  =  $. 002/serving. 

Operational  Data  on  Ham  Slices 

NonirradiatArt-  Tray  ran  Ham  Slines; 

can  =  6.5  lbs.  net  wei^t;  drained  wei^t  =  3.5  lbs. 
servings/can  =  18 

consumable  production  wei^t/serving  =  5.78  ounces  =  0.3611  lb. 

4  cans/case  =  72  servings/case 
case  cf  =  0.68,  consumable  serving  cf  =  .0094 
48  cases/pcillet,  3456  consumable  servings/padilet 
Case  gross  wei^t  =  33  lbs. 

46000  lbs.  max.  wgt.  per  40  ft.  container  =  max.  1393  cases  per  40  ft. 
container  (pallets  cannot  be  stacked  in  transit) 

20  pallets/40  ft.  trailer  =  69120  ocxisuroable  servings/40  ft.  trailer 
$2467  dry  trans  east  coast  to  Europe/40  ft  trailer  =  $.0357/svg. 

$10760  dry  trans  east  coast  to  Saudi  Arabia/40  ft.  trailer  =  $0.1557/svg. 
Dry  trans  1000  mile  domestic  shipment/40  ft.  trailer  =  $1290  = 

$0. 0187/serving;  2000  mile  trip  =  $0. 0374/serving. 

$1. 35/mile  tenp.  control  swpplemental  transportation  cost,  150  mile  trip 
=  $202  =  $.0029/svg. 

Annual  Dry  Storage  Cost  Per  Pallet  =  $76  =  $.0220/svg. 

Irradiated.  Flexible  Pouch  Ham  Slices; 

pouch  =3.5  lbs  net  wei^t 
servings/can  =  18 

consumable  production  weig^t/serving  =  3.11  ounces  =  0.1944  lbs. 

4  cans/case  =  72  servings/case 
case  cf  =  0.68,  consumable  serving  cf  =  .0094 
48  cases/peQlet,  3456  consumable  servings/pallet 
Case  gross  wei^t  =  18  lbs. 

46000  lbs.  max.  v^.  per  40  ft.  container  =  max.  2555  cases  per  40  ft. 
container  (pallets  cannot  be  stacked  in  transit) 

40  pallets/40  ft.  trailer  =  138240  consumable  servings/40  ft.  trailer 
$2467  dry  trans  east  coast  to  Europe/40  ft  trailer  =  $.0179/svg. 

$10760  dry  trans  east  coast  to  Saudi  ArabiV40  ft.  trailer  =  $0.0779/svg. 
Dry  trans  1000  mile  domestic  shipment/40  ft.  trailer  =  $1290  = 

$0. 0093/serving;  2000  mile  trip  =  $0. 0186/serving. 

Annual  Storage  Cost  Per  Pallet  =  $76  =  $.0220/svg. 
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Operational  Data  Beefsteak 


Nonirradiated  Trav  Can  Beefsteak  with  Qraw  -  this  is  not  caorrently  an  item  in 
the  tray  can  menu;  the  following  theoretical  data  is  for  the  purposes  of  cost 
oonparison. 

tray  can  =  6.625  lbs.  net  wei^t 
seivings/ceui  -  9 

consumable  production  wei^t/serving  -  11.78  ounces  =  0.7361  lb. 

4  cans/case  »  35  servings/case 

case  cf  »  .68,  ccafisumable  serving  cf  -  .0189 

case  gross  wei^t  =  33.5  lbs. 

46000  lbs.  max.  vgt.  per  40  ft.  container  -  max.  1373  cases  per  40  ft. 
container 

48  cases/pedlet  »  1728  consumable  servings/pedlet 

20  pallets/40  ft  trailer  »  34560  consumable  servings/40  ft  trailer 

$2467  dry  trans  east  coast  to  Europe/40  ft  trailer  $.0713/svg. 

$10760  dry  trans  east  coast  to  Saudi  Arabia/40  ft.  trailer  -  0.3113/svg. 

Dry  trans  1000  mile  donestic  shipment/40  ft.  trailer  =  $1290  =  $0. 0373/serving; 
2000  mile  trip  =  $0. 0746/serving. 

Annual  Dry  Storage  Cost  Per  Pallet  =  $76  =  $.0440/ serving. 

Irradiated  Flexible  Pouch  Beefsteak 

pouch  =  2.81  lbs.  net  wei^t 
servings/pouch  =  9 

consumable  production  wei^t/serving  =  5.0  ounces  =  0.3125  lb. 

4  pouches/case  »  36  servings/case 

pouch  cf  =  .68,  ccaTsumable  serving  cf  =  .0189 

case  gross  wei^t  =  15.16  lbs. 

46000  lbs,  max.  vgt.  per  40  ft.  container  ==  max.  3034  cases  per  40  ft. 
container 

48  cases/pallet  =  1728  consumable  servings/pallet 

40  peQlets/40  ft  trailer  =  69120  ocxTsumable  servings/40  ft  trailer 

$2467  dry  trans  east  coast  to  Eurcpe/40  ft  trailer  =  $.0357/svg. 

$10760  dry  trans  east  coast  to  Saudi  Arabia/40  ft.  trailer  =  $0.1557/svg. 

Dry  trans  1000  mile  domestic  shiproent/40  ft.  trailer  =  $1290  =  $0. 0187/serving; 
2000  mile  trip  =  $0. 0374/serving. 

$1. 35/mile  benp.  control  supplemental  transportation  cost,  150  mile  trip  = 

$202  =  $. 0029/serving. 

Annual  Dry  Storage  Cost  Per  Pallet  =  $76  =  $.0440/svg. 
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Cteerational  Data  on  MRE  Oomed  Beef 

Ihere  is  no  nonirradiated  cxxmterpart. 

Irradiated  MPE  Corned  Beef: 

Each  Pouch  cxxitains  one  8  ounce  serving, 
consumable  serving  cf  *  0.0139 

46000  lbs.  max.  wgt.  per  40  ft.  container  =  appraximately  92000  servings  per  40 
ft.  container. 

$1. 35/mile  tenp.  control  sippleraental  transportation  cost,  150  mile  trip  =  $202 
*  $. 0022/serving. 


Packaging  Information; 

Ihe  Institutional  Flexible  Pouch  vxei^^  0.08  lbs.  enpty  (1.3  ounces) .  Pouch  cf 
s  0.138  (10"xl2"x2")  vAven  filled  with  product,  which  is  about  the  same  as  the 
standard  tray  can.  Ihe  enpty  tray  can  weighs  about  13.6  ounces;  the  packing 
box  weic^  approx.  3.6  lbs  enpty.  Ihe  packing  box  with  4  enpty  cans  =  7  lbs. 
The  packir.g  box  with  4  enpty  pouches  =  3.92  lbs.  Ihe  tray  can  costs  $1.25;  the 
pcuch  costs  $1.00.  Flexible  pouch  pallets  can  be  stacked  in  transit.  Tray  can 
pallets  cannot  be  stacked  in  transit.  Qxisequently,  savings  from  stacking 
pallets  of  institutioned  flexible  pouches  can  be  expected  from  vendor  to 
d^xjt.  However,  meal  modules  with  tray  cans  can  be  stacked  in  transit. 

Thus,  a  swibci\  to  pouches  in  meal  modules  will  not  result  in  lower 
transportation  costs  from  the  depot  to  the  customer,  as  ootpared  to  meal 
modules  with  tray  cans. 

The  B-Ration  29  ounce  (401x411)  can  costs  $0,405  (DPSC-ANC  312/399-3000). 

Ham  Slices  =  54  slices  per  tray  can  (3  per  svg.)  =  18  servings  per  can.  One 
can  per  module.  Total  cooked  drained  wei^it  i._r  can  is  56  ounces. 

Chicken  Breast  with  Gravy:  Specified  4  ounce  breast.  There  are  18  whole 
breasts  per  can  =  9  servings.  Total  cooked  drained  wei^t  per  ceui  =  45  ounces. 
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^^spendix  B 
Irradiaticai  Costs 
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40kGy 

40kGy 

Elec.  Beam 

Investment  Items: 

Initiad  Oobedt  60 

18185 

- 

Aooelerator 

- 

9800 

Biologicad  shielding 

650 

600 

Irradiator  machinery 

325 

- 

Auxiliary  systems 

50 

- 

Machine  room 

- 

25 

Chnveyor  system 

- 

250 

Air  handling  system 

— 

20 

Control  roon/lab 

17 

17 

Forklifts/palletizers 

- 

- 

Refrigerated  warehouse 

— 

- 

Additionsd  rooms 

- 

- 

Design  &  engineering 

104 

90 

land 

- 

120 

working  capital 

97 

199 

Total  Initisd  Investment 

19428 

11001 

Annualized  Fixed  Costs: 

Cobedt  initial  loading 

1751 

- 

Colnalt  replenishment 

2020 

- 

Accelerator 

- 

943 

Building  &  shielding 

55 

52 

Machinery 

49 

34 

land 

- 

6 

Vforking  capital 

5 

4 

Fixed  maintenance 

101 

168 

Insurance  &  taxes 

386 

220 

Plant  manager 

7 

7 

Radiation  safety  officer 

39 

39 

Maintenancse 

8 

15 

Clerical 

9 

9 

Totsd  Annual  Fixed  Costs 

4493 

1473 

Annucd  Variable  Costs: 

Plant  operators 

101 

101 

Product  handlers 

- 

- 

Sillies 

35 

- 

Utilities 

Machine 

- 

154 

General 

68 

44 

Variable  Maintenantse 

187 

312 

Total  Annuad  Variable  Costs 

391 

611 

Total  Annual  Costs 

4884(1} 

2084(1) 

(l)  Integrated  facility,  5  days/week:  25%  efficiency  for  Ccbalt  60  (52  million 
pcunds/year,  throu^^jut/hr.  =  9905  lbs. ,  operating  5250  hrs/year. ) ;  40% 
efficiency  for  accelerator  (42  millicai  pounds/year,  throu^^put/hr.  =  8000  lbs., 
operating  5250  hrs/year) .  Cost  calculations  based  on  data  obtained  from: 
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MOBanna  n«  ikmxxsmii/  a _  _ 

far  Tmidiatina  Fcaod.  OoBBodity  Ecxnanics  Division,  Ecxnanic  Reseaxcii  Division, 
U.S.  Departinent  of  Agriculture.  Technical  Bulletin  No.  1762.  Calculated  Annual 
Q36t  for  C3abalt  60  -  1.0  hiSy  •  $545,000;  2.0  »  $632,000.  Electron  beam  1.0 

JoSy  »  $835,000;  2.0  WSy  »  $847,500 
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